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ABSTRACT 	
SIERRA C. WOODRUFF: Local Climate Change Adaptation Plan in the United States 
(Under the direction of Todd K. BenDor) 	
Communities across the United States are already experiencing climate change including 
heavier downpours, more frequent flooding, higher temperatures, longer droughts, and more 
intense wildfires. These impacts illustrate the need for local adaptation, defined as actions to 
limit the harm of climate change and its impacts. In the last decade, more than 40 municipalities 
and counties in the United States have created stand-alone adaptation plans. Adaptation plans, 
which assess local climate change impacts and identify potential strategies to reduce 
vulnerability, are expected to limit the cost of climate change and help build more resilient 
communities. Yet there is little empirical understanding of the content or quality of these plans. 
This dissertation includes three papers that advance the understanding of local adaptation 
planning in the United States. To identify the strength of adaptation plans and how they could be 
improved in the future, I used content analysis to evaluate the quality of 44 local adaptation plans 
in the United States. Plan quality data was combined with secondary data sources to model the 
relationship between community context and plan quality. I complemented this quantitative 
analysis with interviews and case studies to understand how uncertainty and coordination, 
common barriers to adaptation, are managed in local planning processes.  
The content analysis results suggest that adaptation plans contain numerous types of 
adaptation strategies but lack key implementation elements, raising concerns about whether plans 
will translate into on the-ground projects. Planning processes such as funding source, plan 
 iv 
author, and whether the plan was formally adopted are important drivers of adaptation plan 
quality. I also demonstrate that while significant attention has been given to uncertainty in the 
academic literature, existing tools and approaches are not used in adaptation planning practice. 
Interview results suggest that practitioners are using other approaches to manage uncertainty 
such as shifting focus from climate projections in the vulnerability assessment to emphasizing 
sensitivity and adaptive capacity. Interviewees also stressed the importance of no-regrets 
strategies and an iterative adaptation process.  
Adaptation plans are only one of many plans that affect community vulnerability, 
consequently, it is important for adaptation efforts to be coordination across sectors and scales. 
Analyzing multiple types of plans in a single community indicate that existing plans often 
include strategies that align with adaptation efforts. In particular, regional plans and studies 
support the local plan demonstrating that inter-agency and inter-governmental cooperation is 
important in enabling and shaping local adaptation programs. When policies from plans are 
mapped, however, a conflict a clear conflict between redevelopment priorities and adaptation 
emerges. Land use plans promote redevelopment in hazardous locations, increasing 
vulnerability. These results provide important insights for practitioners, policymakers, and 
scientists wanting to improve local climate adaptation planning and action. 
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CHAPTER 1: INTRODUCTION 
Record-setting droughts, historic rainfall and flooding, heat waves, shifting disease 
vectors, and other impacts of climate change have serious ramifications for today’s built, social, 
economic, and cultural resources (Melillo, Richmond, and Yohe 2014) . The imminent and far-
reaching consequences of climate change make adaptation imperative. Defined as “the process of 
adjustments to actual or expected climatic stimuli and its effects,” (IPCC 2014, 1758), climate 
adaptation is intended to reduce the damages and cost of climate change.  
Internationally, multiple adaptation funding mechanisms have been established through 
the United Nations Framework Convention on Climate Change (UNFCCC). Nationally, climate 
adaptation is included as a key tenant of President Obama’s climate change plan. In 2013, 
Obama signed an executive order instructing agencies to plan for climate change, modernize 
Federal programs to support climate-resilient investments, and provide information, data, and 
tools to state, local, and private-sector leaders to help them adapt (Executive Order 13514, 2014). 
States have also taken up climate adaptation, 13 states have completed adaptation plans and 7 
other states have a plan in progress (Georgetown Climate Center 2017). Since 2005, more than 
40 communities in the United States have created stand-alone climate adaptation plans, with 
potentially hundreds more embedding climate considerations into sustainability, hazard 
mitigation, land use, and other plans (Woodruff and Stults 2016; Shi, Chu, and Debats 2015). 
Adaptation planning is an opportunity for local governments to examine how climate 
change is projected to impact a local community, determine what sectors or people are at risk, 
and identify actions that can be taken to prepare. Adaptation planning offers a promising 
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approach for incorporating climate considerations into future decision-making. Ultimately, local 
adaptation planning is intended to help reduce community vulnerability and prevent the damages 
of climate change. Despite the promise of adaptation planning, there is little empirical 
understanding of the content and quality of these plans. 
This dissertation includes three papers that advance the understanding of local adaptation 
planning in the United States. Specifically, the three papers examine the quality of local 
adaptation planning in the U.S., how plans manage uncertainty, and how adaptation planning is 
coordinated across sectors and scales. The remainder of this chapter provides additional 
background on the importance of adaptation at local levels, the role of planning in adaptation, 
and the current state of knowledge on local adaptation planning. This chapter concludes with the 
research questions and outline of the three papers included in this dissertation.    
Local Adaptation 
While the impacts of a changing climate are felt across all scales and sectors, climate 
adaptation is often framed as a local issue. The impacts of climate– whether it be streets 
flooding, asthma attacks, evacuations from wildfires, or power outages –are felt locally and it is 
our local governments that we turn to first for solutions (Bierbaum et al. 2013; Cutter and Finch 
2008; Leichenko 2011; Nalau, Preston, and Maloney 2015). As such, there is a growing 
recognition that local communities need to undertake strategic planning and action to build 
resilience to existing and projected changes in climate (Bassett and Shandas 2010; Berrang-Ford, 
Ford, and Paterson 2011; Wheeler 2008).  
Local governments have the authority to influence where and how development occurs 
(Nordgren, Stults, and Meerow 2016). The use of zoning ordinances, landscape ordinance, 
permitting incentives and other policy tools at the local level serve as a way of experimenting 
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with different approaches to adaptation. Successful adaptation strategies in one community can 
serve as guidance for other municipalities. Lastly, local governments are thought to be more 
responsive to local needs and input (Corfee-Morlot et al. 2011). Climate impacts will differ 
based on geography and existing conditions and adaptation options will be influenced by 
community values and characteristics. The local specificity of climate impacts and adaptation 
options mean local governments are the best situated to create adaptation strategies well suited to 
their community (Nalau, Preston, and Maloney 2015). 
In the United States, the importance of local government adaptation to climate change 
can be seen in the inclusion of local voices in the President’s State, Local and Tribal Leaders 
Task Force on Climate Preparedness and Resilience, the emphasis on local examples in U.S. 
National Climate Assessments, and in the investments that philanthropies such as the Kresge 
Foundation and Bloomberg Philanthropies are making in local adaptation initiatives. 
Municipalities have emerged as leaders in climate adaptation, driving forward practice (Graham 
and Mitchell 2016; Shi, Chu, and Carmin 2015). 
History of Climate Planning 
Local-level planning for climate change emerged during the mid-1990s (Adam Millard-
Ball 2012; Wheeler 2008). Historically, this work focused on reducing local greenhouse gas 
emissions, also known as climate mitigation or climate action planning (Bassett and Shandas 
2010; Wheeler 2008). In the late 2000, a number of U.S. local governments began to integrate 
the concept of climate adaptation or preparedness into their climate action planning (Berrang-
Ford, Ford, and Paterson 2011;  National Research Council 2010). In 2007, the City of Keene, 
New Hampshire published the first stand-alone climate adaptation plan in the United States (City 
of Keene 2007) and since then, more than 40 other U.S. communities have followed suite. 
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Climate adaptation plans detail how climate change is projected to impact a local 
community, what sectors or people are at risk, and what actions a local community intends to 
take to prepare (Preston, Westaway, and Yuen 2010; Füssel 2007). Adaptation plans represent 
systematic attention to the issue and may reduce climate change vulnerability. Although it is too 
early to evaluate the effectiveness of adaptation plans in reducing vulnerability, it is expected 
that adaptation plans will reduce losses from climate change in the same way comprehensive and 
hazard mitigation plans reduce the losses of natural hazards (Burby 2005; Burby, French, and 
Nelson 1998). 
While planning is neither necessary nor sufficient for climate adaptation action, planning 
may be particularly important in addressing climate change (Hagen 2016; Baker et al. 2012). 
Planning provides a systematic way to collect facts, increase public awareness, and improve the 
likelihood that this information will be considered in future decision-making (Burby 2005). The 
consideration of new information, alternative futures, and adequacy of existing measures can 
lead to improved outcomes than if no planning occurred (Millard-Ball 2012). Planning also 
serves as a means for citizens and local officials to create a vision for the future and build 
consensus (Burby 2005; Innes 1996; Deyle and Schively 2009). Through the planning process, 
preference of stakeholders and decision-makers may change and result in different decisions 
(Millard-Ball 2012). Planning may also increase the likelihood that governments consider 
multiple approaches and employ multiple tools (Burby 2005). In addition, planning is intended to 
help guide day-to-day decision-making (Burby 2005; Norton 2005). Having a plan can help 
coordinate the actions of multiple departments and ensure that decisions are consistent (Burby 
2005; Millard-Ball 2012). Lastly, planning provides rational nexus between public interest and 
actions taken that can be defended from legal and political attack and motivate compliance 
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(Burby 2005; Millard-Ball 2012). Planning’s longer time horizon, comprehensive approach, 
ability to help decision makers evaluate information and alternative futures, engage the public, 
and take proactive action all make planning an important component of climate change 
adaptation. Ultimately, planning is intended to help stakeholders make decisions in the public 
interest in the face of dynamic conditions, uncertainty and complex relationships (Berke, Smith, 
and Lyles 2012). 
The State of Knowledge 
Over the last several years, scholars have proposed a strategic process to plan for climate 
change, which includes five main steps: 1) conducting a vulnerability or risk assessment; 2) 
setting goals; 3) creating a plan; 4) implementing the plan; and 5) monitoring, evaluating, and 
readjusting as shown in Figure 1 (Mimura et al. 2014; Bierbaum et al. 2014).  
	
Figure 1: Climate change adaptation planning process (Bierbaum et al. 2014) 
 
A 2011 survey of cities engaged in climate change initiatives across the globe found that 40% of 
the 468 local respondents had conducted or were in the process of conducting a vulnerability or 
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risk assessment (Carmin, Nadkarni, and Rhie 2012). Of the 156 U.S. respondents, 27% were in 
the vulnerability analysis or planning phases and only 9% were in the implementation phase 
(Carmin, Nadkarni, and Rhie 2012; Shi, Chu, and Debats 2015). The authors concluded, “most 
cities are still at the earliest stages of planning, having just started to discuss or think about the 
best way to proceed”(Carmin, Nadkarni, and Rhie 2012, 28). 
To a large extent, the academic literature reflects communities’ progress in the adaptation 
planning process, with the first phase - conducting a vulnerability or risk assessment - receiving 
significantly more attention than the later planning and implementation phases. The current state 
of knowledge on climate adaptation planning is uneven and incomplete. Although there is 
burgeoning literature providing theory and guidance on how local adaptation should proceed, 
little effort has been directed to evaluating if and to what extent this knowledge has incorporated 
into existing plans. It is critical to evaluate early adaptation plans to identify opportunities for 
improvement and best-practices that can be incorporated into future planning process. 
Research and the academic literature on local climate adaptation planning has focused on 
describing adaptation processes and barriers (Moser and Ekstrom 2010; Measham et al. 2011; 
Amundsen, Berglund, and Westskog 2010; Eisenack et al. 2014). This research has 
predominately provided rich qualitative descriptions of adaptation pathways of individual or 
small sets of cities (Carmin, Anguelovski, and Roberts 2012; Bulkeley, Casta, and Castán Broto 
2013; Boyd and Juhola 2014). Currently lacking is a holistic assessment of U.S. local adaptation 
plans. Moreover, there are gaps in our understanding of how local adaptation planning manages 
and overcome common barriers to adaptation such as uncertainty in climate projections and the 
need for coordination across sectors and scales. To advance our understanding of adaptation 
planning processes and improve practice, my dissertation aims at addressing these gaps. 
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Research Questions 
This dissertation includes three papers; the first paper (Chapter 2), which was published 
in the journal Nature Climate Change, evaluates the quality of 44 local adaptation plans across 
the U.S. and examines the relationship between community context and plan quality (Woodruff 
and Stults 2016). The subsequent two papers draw on the results of the plan evaluation to 
investigate in depth how local governments have overcome common barriers to climate 
adaptation: uncertainty and coordination. The second paper (Chapter 3), which was published in 
the journal Climatic Change, pairs a detailed analysis of how uncertainty is incorporated into 
adaptation plans with interviews of stakeholders engaged in the planning process (Woodruff 
2016). The third paper (Chapter 4), currently in review, analyzes how adaptation planning is 
coordinated with planning efforts across multiple sectors and scales. The research questions for 
each paper are:  
Paper one: 
What is the quality of local adaptation plans in the United States?  
How does community capacity, government commitment, policy diffusion, and internal 
processes influence plan quality? 
Paper two: 
How have adaptation plans addressed uncertainty in climate projections and impacts?  
What are the barriers to using existing planning approaches that account for uncertainty? 
Paper three: 
To what extent is climate change mainstreamed with other plans? 
To what extent are strategies in climate change adaptation plans synergistic or supported by 
other plans? 
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What is the overall effect of community network of plans on vulnerability to climate change 
impacts? 
Each paper substantively contributes to the current knowledge of local adaptation planning and 
identifies opportunities to improve future adaptation planning. 
 The appendices include supplementary material that expands on the three papers. 
Appendix A, B, and C provide details on the first paper. Appendix A contains additional 
background and discussion, including a review of the plan quality and adaptation planning 
literatures. Appendix B lists all the variables and data sources for the multivariate analysis. 
Appendix C is the plan coding protocol used to analyze the adaptation plans. Appendix D and E 
provides supplementary materials for the second paper. Appendix D includes an expanded 
discussion on the content analysis and interview methods used in the second paper and Appendix 
E is the interview guide used in that study. 
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CHAPTER 2: NUMEROUS STRATEGIES BUT LIMITED IMPLEMENTATION 
GUIDANCE IN U.S. LOCAL ADAPTATION PLANS1  	
Climate change already affects local communities, and these impacts are projected to 
become more severe and intense in the future (IPCC 2012; World Bank 2012). The growing 
reality of climate change is leading many local communities to invest in adaptation – actions to 
limit the negative consequences of climate change – and, in many cases, to create climate 
adaptation plans (Bierbaum et al. 2013). In the last decade, more than 40 U.S. communities have 
created stand-alone climate adaptation plans. These plans detail how climate change is projected 
to impact the community and what actions should be taken to prepare (Füssel 2007; Preston, 
Westaway, and Yuen 2010). Adaptation planning represents systematic attention to climate 
change (Wheeler 2008) and, as a result, is expected to help prepare communities and lower the 
cost of climate-related impacts (Preston, Westaway, and Yuen 2010). 
Despite the potential value of adaptation planning, few studies have analyzed these plans 
and none have used plan evaluation methods. Plan evaluation is a methodology to document plan 
content and identify specific strengths and weaknesses by comparing plans to established criteria 
(e.g., defining goals, public participation, and implementation guidance; Berke and Godschalk 
2009; Lyles and Stevens 2014). Researchers have used plan evaluation to analyze plans from 
multiple domains, including hazard mitigation (Lyles, Berke, and Smith 2014), affordable 
housing (Hoch 2007), and sustainability planning (Schrock, Bassett, and Green 2015; Berke and 
																																																								1	This chapter previously appeared as an article in the journal Nature Climate Change. The 	
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Conroy 2000). Behind the call for plan quality evaluation is the idea that high-quality plans 
better advance community goals than lower-quality plans (Stevens, Lyles, and Berke 2014).  
Previous adaptation plan studies have analyzed plans using outcome (Baker et al. 2012) 
and logic framework (Preston, Westaway, and Yuen 2010) approaches, which provide insights 
into how well plan content aligns with processes suggested in adaptation guidance. Plan 
evaluation, in contrast, assesses how adaptation plans align with agreed-upon criteria of plan 
quality, allowing adaptation plans to be compared to other planning domains. Moreover, plan 
evaluation uses more detailed criteria to analyze the content of adaptation plans and identify 
specific areas for improvement. A more detailed analysis of local adaptation plans using plan 
evaluation methods is needed (Engle 2011; Measham et al. 2011; Millard-Ball 2012).  
In addition, it is important to understand how plan quality varies across communities. 
Specifically, how are community attributes such as capacity (e.g., access to funding, planning 
experience) and commitment (e.g., dedication to the issue) associated with plan quality? 
Similarly, work is needed to understand how policy diffusion, which may disperse promising 
planning practices and adaptation strategies, is related to plan quality. To help fill these gaps, this 
paper addresses two questions: 1) How do existing climate adaptation plans align with emerging 
principles of plan quality? 2) What community attributes are associated with high quality plans?  
To answer these questions, I used established principles of plan quality to evaluate 44 
stand-alone, local adaptation plans in the United States, and multivariate regression to examine 
how plan quality varies across communities. I focus on the U.S. because of the recent increase in 
local adaptation planning as well as a need to understand and overcome a perceived adaptation 
deficit in the country (Moser and Ekstrom 2010; Burton 2005). The results provide scholars and 
practitioners with an empirical understanding of how communities are planning for climate 
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change and what opportunities exist for replicating promising practices and improving current 
weaknesses. I hope that these findings lead to higher-quality plans and the translation of plans 
into on-the-ground adaptation.   
Adaptation Plan Quality 
Using plan evaluation, which allows for the identification of specific strengths and 
weaknesses of plans, I scored 44 U.S. local climate change adaptation plans (Figure 1) on 124 
criteria associated with six well-established plan quality principles (Appendix C): 1) goals that 
describe future desired conditions; 2) a fact base that identifies and prioritizes community issues, 
providing the empirical foundation for strategies; 3) strategies that guide decision making to 
ensure plan goals are achieved; 4) public participation in plan creation; 5) inter-organizational 
coordination; and 6) details regarding implementation and monitoring (Stevens 2013; Berke and 
Godschalk 2009; Stevens, Lyles, and Berke 2014). In addition to these standard principles, I 
included one additional principle: 7) how plans address uncertainty given the inherent 
uncertainty in climate change projections, as well as the timing and magnitude of climate 
impacts (Berkhout et al. 2014; Abbott 2005; Walker, Haasnoot, and Kwakkel 2013; Abunnasr, 
Hamin, and Brabec 2013; Table 1; Appendix A). Assessing the presence/absence of criteria 
associated with these plan principles allows the conversion of text to a quantitative measurement 
of plan quality, which eases comparisons between plans, enables identification of trends across 
plans, and permits statistical analyses. 
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Figure 2: Local climate change adaptation plans included in the sample. 
 
 
I found that adaptation plans scored an average 40.6% of all possible points. The highest-
scoring plan received 76.6% and the lowest scoring plan received 12% of all possible points. 
Only 12 plans scored above 50%, which suggests that the adaptation plans evaluated do not 
provide comprehensive coverage of plan quality principles. 
Plans scored highest on the strategies principle (average score 62%), indicating that they 
include a diversity of actions to prepare for climate change. The strategies most frequently 
included in plans were practice and behavior (e.g., changing operations and maintenance 
schedules, opening cooling centers) and research and monitoring (e.g., conducting more 
studies), which were found in 42 of the 44 plans (95%; Supplementary Material, Table B). Other 
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than one plan that did not include any strategies, all plans proposed at least five of the fifteen 
types of strategies coded in my analysis. Within the strategies principle, plans scored lowest on 
cost of implementing each action (7 plans, 16%) and a detailed explanation of how strategies 
were prioritized (9 plans, 20%).  Generally, adaptation plans include a breadth of actions but 
provide little analysis of co-benefits, costs, and priorities.  
 
Table 1: Plan quality evaluation principles and summary statistics. Criteria refers to the number 
of criteria used to measure the principles’ quality. Mean refers to the average score on the 
principle across plans in the sample. 
Principle Definition Components of Principle Criteria Mean Std Dev Range 
Goals Future desired conditions  Plan purpose, vision, goals, and 
objectives 
 6  0.40 0.22 0.00 – 
0.67 
Fact Base Empirical foundation that 
identifies and prioritizes 
issues to ensure that strategies 
are well informed 
Data sources, analysis of current 
conditions, climate change 
exposure, vulnerability and risk 
assessment 
 44  0.51 0.14 0.25 – 
0.86 
Strategies Guide to decision making to 
ensure that plan goals are 
achieved 
Capacity building, land use, green 
infrastructure, etc.; cost and co-
benefits of strategy options; 
prioritization of strategies 
 23  0.62 0.18 0.00 – 
0.96 
Uncertainty Recognition of and 
approaches to overcome 
uncertainty in future climate 
projections 
Recognize sources of uncertainty; 
consider multiple future scenarios; 
flexible, robust, or no-regret 
strategies 
 13  0.28 0.16 0.00 – 
0.69 
Public 
participation 
Recognition of and strategies 
for engaging actors in 
preparing the plan 
Description of planning process and 
techniques to engage stakeholders; 
identification of individuals 
involved in preparation of the plan 
 9  0.44 0.28 0.00 – 
1.00 
Coordination Recognition of the 
interdependent actions of 
multiple organizations and 
the need for coordination 
Engagement of local universities, 
state agencies, businesses, 
neighboring jurisdictions, etc. in the 
planning process 
 9  0.36 0.24 0.00 – 
0.89 
Implementati
on and 
monitoring 
Guidance to translate plan 
strategies into action and 
track progress towards goals 
Organizational responsibilities, 
timelines, and funds for 
implementation and monitoring 
 16  0.29 0.24 0.00 – 
0.88 
 
Climate adaptation plans scored second highest on the fact base principle (average score 
51%). All 44 plans in the sample discuss projected changes in climate; however, plans vary 
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greatly in the sophistication with which they project future climatic conditions.  For example, 
New York City, NY used 24 global climate models and two future emission scenarios to 
generate locally downscaled climate projections. In contrast, the City of Marquette, MI used 
historic trends to identify climate change signals that may continue into the future as the basis for 
its adaptation planning. Regardless of the methodology used to project future climate conditions, 
all the plans discuss how climate change could impact built environments. Plans also consistently 
explore how climate change could affect the natural environment (42 plans, 95%), economic 
systems (40 plans, 90%), public health (38 plans, 86%), water supply (36 plans, 82%) and public 
services (34 plans, 77%). Despite guidance recommendations, few plans provide details about 
where impacts to these systems will occur.  
The lowest-scoring plan quality principle was uncertainty (average score 28%). Failing to 
address uncertainty may cause adaptation plans to be ineffective or maladaptive. Consequently, 
significant attention has been dedicated to developing new and refining existing planning 
approaches to manage uncertainty such as considering multiple future scenarios, selecting robust 
and flexible strategies, and using adaptive management (Quay 2010). While most plans (33 
plans, 75%) explicitly acknowledge the uncertainty associated with planning for future changes 
in climate, few employ approaches that account for uncertainty. Considering multiple scenarios 
was the approach most commonly used: 31 plans (70%) mention that multiple greenhouse gas 
emission scenarios were considered in the planning process. Most plans used emission scenarios 
generated by the Intergovernmental Panel on Climate Change (IPCC), but there was wide 
variation in which scenarios were considered. Many plans that considered multiple scenarios (19 
of 31) fail to provide details about how scenarios were developed and how they differ in future 
impacts. Those that did provide details tended to use a low- and high-emissions scenario to 
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demonstrate the range of projections and then plan for some average of the two. No-regrets, 
flexible, and robust strategies were not frequently discussed as options to address uncertainty (13 
(30%), 10 (23%), and 4 (9%) plans, respectively), and specific strategies are rarely labeled as no-
regrets, flexible, or robust (1 (2%), 2 (5%), and 0 plans, respectively).  
The second-lowest scoring principle was implementation and monitoring (average score 
29%). Here, the highest-scoring criteria was mainstreaming, the concept of integrating climate 
change into other plans or policies, which was discussed in 37 of the 44 plans (84%). The 
weakest components of this principle were evaluation methods (3 plans, 7%) and metrics (7 
plans, 16%), with few plans describing how the plan would be evaluated or what metrics would 
be used to measure progress. No plans included both evaluation metrics and methods. Chula 
Vista, CA’s plan provides strong evaluation metrics to measure progress, but fails to describe 
how or who will track these metrics. Similarly, in the goals principle, plans scored lowest on the 
identification of objectives. Only seven plans include objectives, which are defined as tangible, 
measurable outcomes to track progress towards goals (Berke et al. 2006).  
Variation in Plan Quality 
 The quality of adaptation plans in my sample varies greatly; I used multivariate 
regression to examine whether capacity, commitment, policy diffusion, and internal operations 
are correlated with plan quality. I built four models with variables that operationalize these 
concepts (Appendix B). Of the four models, the internal operations model, consisting of plan 
author and funding source, accounted for the most variation in plan quality (adjusted R2 = 0.30; 
Table 2). The capacity, commitment, and policy diffusion models each explained less than 10% 
of the variation in plan quality. 
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Three variables are significantly correlated with plan quality: formal adoption of the 
adaptation plan (b = 0.09, t = 3.04, p < 0.01), whether the plan was written by the planning 
department (b = 0.14, t = 3.31, p < 0.01), and whether a plan received state funding (b = -0.14, t 
= -4.01, p < 0.001). State funding decreased plan quality, while the other two variables had a 
positive relationship with plan quality. The best-fit model, including these three variables and the 
year the plan was published, on the assumption that more recent plans build on lessons learned 
from earlier planning processes (Lyles, Berke, and Smith 2014; Schrock, Basset, and Green 
2015), explains 50% of the variation in plan quality (Table 2).  
Regression analyses with the seven plan principles as the dependent variable demonstrate 
that community variables are not uniformly associated with plan principles (Table 3). Formal 
adoption of the adaptation plan, for example, positively correlates with the quality of plans’ goals 
(b = 0.12, t = 2.38, p < 0.05) and implementation and monitoring (b = 0.22, t = 3.68, p < 0.001) 
but does not have a significant effect on uncertainty, participation, and inter-organizational 
coordination. Adaptation plans written by the planning department on average have significantly 
stronger goals (b = 0.20, t = 2.59, p < 0.05), strategies (b = 0.19, t = 2.71, p < 0.01), 
implementation and monitoring (b = 0.23, t = 2.66, p < 0.05), and inter-organizational 
coordination (b = 0.17, t = 2.20, p < 0.05). State funding has a significant negative effect on 
participation (b = -0.29, t = -2.03, p < 0.05) and inter-organizational coordination (b = -0.28, t = -
4.52, p < 0.001; Figure 2).  
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Table 2: Results of multivariate analysis of overall plan quality. 
 Capacity 
Model 
Commitment 
Model 
Policy 
Diffusion 
Model 
Process Model Best Fit Model 
 Coef. S.E Coef S.E. Coef S.E. Coef S.E. Coef S.E. 
Constant 0.60 0.26* 0.31 0.25 -38.56 22.2 0.41 0.04** -27.5 15.99 
Capacity            
Funding -0.05 0.05         
Budget -0.003 0.03         
HH income -0.00 0.00         
St plan mandate -0.04 0.05         
St haz mandate 0.03 0.05         
Commitment            
Public perception   0.002 0.005       
Mitigation plan   0.02 0.06       
Signatory of CPP   0.05 0.05       
Resilient cities   -0.05 0.06       
CRS   0.03 0.04       
Adoption   0.11 0.04*     0.09 0.03** 
Disasters   -0.009 0.01       
Policy Diffusion            
Year     0.02 0.01 .   0.01 0.007 . 
State plan     -0.02 0.05     
USDN member     -0.002 0.05     
ICLEI     0.03 0.05     
Process            
Federal funding       0.03 0.04   
State funding       -0.15 0.05** -0.14 0.04** 
NGO funding       0.03 0.06   
Taskforce       -0.003 0.05   
Env author       -0.008 0.08   
Planning author       0.16 0.05** 0.14 0.03** 
           
N  44  44  44  44  44 
Adjusted R2  -0.03  0.06  0.002  0.30  0.50 
BIC  -29.18  -28.29  -33.3  -43.94  -63.72 
‘.’ Indicates significance at 0.01; ‘*’ Indicates significance at 0.05; ‘**’ indicates significance at 0.01. 
BIC stands for Bayesian Information Criterion, a criterion frequently used to help select models. BIC is based on 
the likelihood function and number of parameters in the model. 
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Figure 3: Variation in plan quality principles across my sample with a) different funding 
sources, b) adoption by an elected body, and c) different types of plan authors. 
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 The regression analyses of individual plan principles also highlight additional 
community variables that may influence the planning process and plan quality. State hazard 
mitigation planning mandates are positively correlated with the quality of adaptation plan goals 
(b = 0.14, t = 2.38, p < 0.05) and the extent to which they address uncertainty (b = 0.11, t = 2.58, 
p < 0.05). I also find that communities with a climate mitigation plan score significantly higher 
on strategies (b = 0.14, t = 2.59, p < 0.05). Counter to my hypotheses (Appendix A), median 
household income is negatively correlated with inter-organizational coordination (b = -0.000007, 
t = -3.81, p < 0.001), and communities that are members of the Urban Sustainability Directors 
Network have significantly lower scores on the strategies principle (b = -0.13, t = -2.21, p < 
0.05).  These may be spurious relationships, but how capacity and networks influence planning 
decisions and processes warrant further exploration (Appendix A).  
Improving Adaptation Plans 
Due to the recent emergence and highly contextualized nature of adaptation planning, 
there are no established precedents, guidelines, or frameworks for the content of adaptation plans 
(Bierbaum et al. 2013; Measham et al. 2011). Consequently, innovation has occurred at the local 
level, leading to a diversity of planning approaches. This is reflected in the large variance in 
adaptation plan quality in my sample. Despite this, local adaptation plans share common 
strengths and weaknesses that expose critical gaps in current planning processes and research.  
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Table 3: Best-fit model for each plan quality principle, including all variables with p < 0.1 from 
conceptual model multivariate regression.  
Dependent 
Variable Goals Strategies Uncertainty Implementation Participation Coordination 
 Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E. 
Constant -93.4 27.8** 0.54 0.04** 0.15 0.04** 0.17 0.04** 0.53 0.04** 0.80 0.11** 
CAPACITY MODEL             
Funding -0.02 0.06           
Budget             
HH income           -0.00 0.00** 
St plan mandate -0.11 0.06           
St haz mandate 0.14 0.06*   0.11 0.04*       
COMMITMENT MODEL           
Public perception             
Mitigation plan   0.13 0.05*         
Signatory of CPP 0.03 0.06           
Resilient cities             
CRS             
Adoption 0.12 0.05* 0.08 0.05   0.22 0.06**     
Disasters             
POLICY DIFFUSION MODEL           
Year 0.05 0.01**           
State plan     0.08 0.05       
USDN member   -0.13 0.06*         
ICLEI   0.04 0.05       0.07 0.06 
INTERNAL PROCESS MODEL         
Federal funding             
State funding   -0.10 0.06     -0.29 0.09** -0.28 0.06** 
NGO funding             
Taskforce             
Env author 0.15 0.11           
Planning author 0.20 0.08* 0.19 0.07*   0.23 0.09*   0.17 0.08* 
N  44  44  44  44  44  44 
Adjusted R2  0.46  0.31  0.23  0.33  0.26  0.52 
BIC  -9.2  -18.1  -32.4  -7.5  11.6  -14.4 
 
I find that adaptation plans scored highest on the strategies and fact base principles but 
lacked clear mechanisms and prioritization for translating plans into on-the-ground projects. 
Although it is difficult to compare scores across plan evaluation studies because of differing 
coding protocols and methodologies (Lyles and Stevens 2014), my results suggest adaptation 
plans may have stronger strategies but weaker implementation components than plans in other 
domains (Berke and Godschalk 2009). Consistent with previous analyses of adaptation planning 
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(Preston, Westaway, and Yuen 2010), plans in my sample do a poor job of prioritizing impacts 
and strategies. The lack of priorities is compounded by the failure to include details found to be 
important in motivating plan implementation (Laurian et al. 2004) such as the co-benefits of 
adaptation strategies, associated costs, and implementation responsibilities. To improve future 
plans, practitioners should include details such as implementation responsibilities, cost (to the 
extent that it can be estimated), potential funding sources, and timetable for each action, as well 
as how to measure implementation progress. The dearth of tangible objectives and evaluation 
metrics by which to measure progress suggests that practitioners still do not have a clear idea of 
what adaptation looks like or how it can be measured: an uncertainty that is mirrored in the 
academic literature (Adger et al. 2005; Ford et al. 2013).  
My results also indicate a gap between theories for planning under uncertainty and the 
incorporation of these approaches into plans. While planning approaches that account for high 
uncertainty are important in making long-lasting plans that produce desirable outcomes (Berke 
and Lyles 2013; Measham et al. 2011), I find them lacking in local adaptation plans. This finding 
aligns with previous studies, which indicate that identifying approaches to addressing uncertainty 
is a weakness of adaptation planning (Berke and Lyles 2013; Preston, Westaway, and Yuen 
2010). This omission may, in part, be due to limited resources for planning and high cost, time, 
and technical requirements of many approaches to managing uncertainty. Considering multiple 
futures and including no-regret strategies in planning are easy ways to begin managing climate-
related uncertainty. In addition, local practitioners need to establish a process for incorporating 
lessons learned into future planning and implementation thereby ensuring that planning is 
adjusting to real-time changes in science and policy (Walker, Haasnoot, and Kwakkel 2013; 
Berke and Lyles 2013).  
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The alignment of my findings with studies in different nations (Preston, Westaway, and 
Yuen 2010; Baker et al. 2012) and at different scales (Preston, Westaway, and Yuen 2010; Moser 
and Ekstrom 2010) suggests that the shortcomings identified in the sample of local U.S. plans are 
characteristic of adaptation planning more broadly. Detailed approaches to uncertainty and 
metrics for monitoring and evaluation appear to be persistent challenges that require additional 
attention. 
 My finding that plans authored by the planning department have stronger goals, 
strategies, implementation and monitoring, and inter-organizational coordination is consistent 
with recent work on hazard mitigation planning, which found that the involvement of planners 
improves the quality of strategies and the implementation components of these plans (Lyles, 
Berke, and Smith 2014). My results also support findings from studies demonstrating the 
importance of elected officials in the creation of climate adaptation plans and policies (Measham 
et al. 2011; Bedsworth and Hanak 2013; Brody 2003; Eisenack et al. 2014; Tang et al. 2010). 
Local adaptation plans that are formally adopted consistently have stronger goals and 
implementation and monitoring components. To improve future adaptation planning, a wide 
array of individuals should be involved in the planning process, especially representatives from 
the planning department and elected officials. 
Surprisingly, state funding has a strong negative correlation with plan quality. While 
correlation does not imply causation, this relationship may be due to states selectively funding 
communities that are particularly vulnerable to climate change impacts. Extremely vulnerable 
communities may engage in adaptation planning but lack the capacity, even with state funding, 
to produce high quality plans. This suggests that additional measures of vulnerability are needed 
in future analyses, since different types of vulnerability may directly affect plan quality. State-
 27 
funded plans may also be driven by state interests and, consequently, fail to develop meaningful 
local participation or buy-in (Appendix A).  Additional research is needed to explore the role of 
funders in the planning process. Although I did not measure these factors directly, other forms of 
state support, such as providing technical data and planning guidance, likely enhance local 
adaptation efforts.  
The next step in this work is to assess whether and how adaptation plans translate into the 
implementation of adaptation actions. Specifically, what types of actions are included in 
adaptation plans? Which of these actions are being implemented? And why? Additionally, more 
work is needed to understand how uncertainty shapes the adaptation planning process and 
influences the types of strategies being selected and implemented to prepare for climate change.  
Finally, more research is critically needed on how adaptation plans inform implementation 
decisions and how effective implemented strategies are at building resilience.  
While this analysis helps identify strengths and opportunities for improving adaptation 
planning, a limitation is that my sample only includes communities with stand-alone adaptation 
plans. The growing movement towards mainstreaming climate change into other types of 
planning initiatives (Friend et al. 2013) means that there are likely hundreds of other 
communities planning for climate change. Exploring the content and quality of these plans would 
allow for a richer understanding of different approaches to planning for climate change and 
highlight which are most effective for creating more resilient communities. My analysis also 
focuses on how plan quality varies across communities, not why some communities engage in 
adaptation planning and not others. The distribution of communities in my sample, however, is 
clearly geographically uneven begging the question: what motivates climate change adaptation 
planning? 
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 Adaptation will continue to garner greater attention as the impacts of climate change are 
realized. This paper provides a baseline assessment of stand-alone, local climate adaptation 
planning in the U.S. Consistent with past research on adaptation planning, I find that plans lack 
approaches to address uncertainty, implementation priorities and details, and metrics for 
monitoring and evaluation. These persistent shortcomings raise concerns about whether plans 
will translate into actions that reduce community vulnerability. My results suggest that the 
involvement of planners and elected officials may improve adaptation plan quality. As 
adaptation becomes more prevalent I hope practitioners, scientists, and policy makers reflect on 
and learn from the strengths and weaknesses of existing plans and use these lessons to craft 
future plans that lay the foundation for creating more resilient communities.   
Methods 
Sample Selection 
I focus on local adaptation in the U.S. because local communities in the country have a 
higher capacity to adapt than those in many other countries, and yet, in spite of this, little formal 
adaptation action has emerged (Burton 2005; Moser and Ekstrom 2010). To understand this 
paradox, I focus on what adaptation planning has occurred in order to more fully understand the 
scale of local adaptation planning in the country and identify opportunities for improvement.  
I selected plans to include in my sample based on three criteria: (1) the central topic of 
the plan was adaptation, resilience, or preparedness; (2) the plan was written by or for a U.S. city 
or county government; and (3) the plan took a comprehensive approach to adaptation by focusing 
on more than just one or two topics (i.e., I exclude sector-based adaptation plans). These criteria 
excluded plans that integrate adaptation components but do not focus entirely on adaptation (e.g., 
climate action plans and sustainability plans that dedicate a chapter to adaptation), plans that are 
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written by regional entities (e.g., the Southeast Florida Regional Climate Change Compact), and 
plans that are written without local government involvement (e.g., plans written by local 
environmental non-profits). These criteria ensure that I have a relatively homogeneous and 
comparable sample.  
I attempted to evaluate all U.S. plans that met these criteria and were released between 
2007, when Keene, NH published the first adaptation plan in the U.S., and 2014. I developed the 
sample based on a search of three adaptation clearinghouse websites: the Georgetown Climate 
Center, the Climate Adaptation Knowledge Exchange (CakeX), and the Center for Climate and 
Energy Solutions. In addition, I collected plans through three 100-page Google searches for the 
terms “local adaptation plan,” “local resilience plan,” and “local preparedness plan.” While no 
entity has a complete list of all adaptation plans in the United States, I am confident that I 
captured the vast majority of U.S. local adaptation plans. In total I collected 85 plans, of which 
44 met my criteria for evaluation (Figure 1). Of the 41 not included in my final sample, 16 were 
other types of plans that included only a chapter on adaptation, 8 were written by regional 
agencies, and 17 were sector specific.  
Coding Protocol and Procedures 
 I developed a coding protocol to assess seven principles of plan quality. In addition to 1) 
goals, 2) fact base, 3) strategies, 4) public participation in plan creation, 5) inter-organizational 
coordination, and 6) details regarding implementation and monitoring, which are all commonly 
used in plan evaluation studies, I added a principle for how plans deal with 7) uncertainty, in 
order to reflect the importance of this issue in the adaptation literature (Table 1 and Appendix C). 
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To ensure that the protocol captured the most current theory on adaptation, metrics for 
each principle were based on an analysis of nine adaptation guidance documents published by 
international, federal, state, and non-governmental organizations (IPCC 2012a; ICLEI 2007; 
APA 2011; CCS 2011; CEMA 2012; NRC 2010; PROVIA 2013). All of the adaptation guidance 
documents focused on adaptation generally, not just sector-specific adaptation. The guidance 
documents referenced vary in focus and prescriptiveness. For example, the American Planning 
Association’s “Policy Guide on Planning for Climate Change” is tailored to planners and focuses 
on describing potential impacts and adaptation strategies. ICLEI’s “Preparing for Climate 
Change: A Guidebook for Local, Regional, and State Governments” focuses on process, rather 
than strategies or policy options. In contrast, the IPCC’s “Managing the Risks of Extreme Events 
and Disasters to Advance Climate Change Adaptation” assesses the current knowledge on risk 
management and adaptation to climate extremes in a way that is policy relevant but not policy 
prescriptive. I reviewed the guidance documents using an inductive approach to identify key 
processes associated with adaptation planning. Despite the diversity in guidance documents 
considered, there was a high level of agreement on adaptation processes and factors that should 
be considered in climate adaptation planning. From this analysis, I extracted processes and 
considerations that are present across multiple adaptation guidance instruments and therefore 
could serve as evaluation metrics.  
I then organized the metrics I extracted from the adaptation guidance materials based on 
the seven plan quality principles. In addition, I used existing coding protocols (Berke et al. 2013; 
Berke and Godschalk 2009; Lyles and Stevens 2014) to increase the specificity of metrics from 
the adaptation guidance literature. For example, many of the adaptation materials analyzed 
indicate that stakeholders should be engaged in the adaptation planning process but do not 
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provide details about which stakeholders should be involved or how they should be engaged. 
Stakeholder engagement corresponds to the public participation plan principle, which in many 
plan quality studies is measured with detailed metrics such as a discussion on how the plan was 
developed, who was involved, and tools used for public engagement.  
Adaptation guidance and established planning practices lead me to expect plans to 
provide greater depth and analysis on some topics than others. For example, a large focus of 
climate adaptation guidance is identifying climate impacts and vulnerabilities; consequently, I 
expected plans not only to discuss impacts but also to provide further analysis about where these 
impacts might occur. Similarly, within the planning field there is an extensive literature on 
stakeholder engagement, so I expected plans to discuss not only who was involved in the 
planning process but also how they contributed. Other concepts, such as discussing adaptation 
barriers and recognizing the need for transformational change, are less agreed upon in the 
literature and push the boundaries of adaptation planning. I do not include detailed metrics for 
these concepts. By drawing on both adaptation guidance materials and existing protocols, I 
developed a protocol with 124 metrics. While I applied the metrics to local plans in the U.S., 
they are applicable to other countries and scales. 
My metrics are intended for adaptation plans that take a comprehensive approach to 
adaptation, not plans that focus on a specific sector. For example, in the fact base principle I 
include codes for identifying impacts to natural systems, built environments, and human health, 
all of which may not be considered by a plan focused on a single sector, such as transportation. 
Similarly, the strategies principle includes 15 categories of strategies, including advocacy, land 
use, and financing. While plans that focus heavily on preparing for climate change by 
undertaking one type of strategy may be penalized under this approach, I designed the coding 
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protocol to evaluate comprehensive, stand-alone adaptation plans that are preparing a community 
for a range of future climate conditions. In these plans, having different types of adaptation 
strategies (e.g., policies, practices, and outreach efforts) is important to ensure that a community 
is preparing politically, economically, socially, and physically. Moreover, this coding approach 
allows my methodology to be applied across geographic areas and between communities facing 
different climate impacts. For example, whether I am analyzing the plan of Anne Arundel 
County, MD, which focuses exclusively on sea level rise, or the plan of Boulder County, CO, 
which is vulnerable to drought and wildfire, I expect both to explore how these changes will 
affect different community sectors and consider a breadth of strategies to address these wide-
ranging vulnerabilites. Thus the coding protocol I designed is intended to establish an ideal 
standard of adaptation planning: by comparing a sample of plans to this standard, I hope to 
identify common strengths and areas in need of improvement. I hope that the coding protocol can 
be edited and adapted over time, particularly as more details emerge regarding which 
components of plans are the most instrumental in guiding plan implementation.  
The protocol was pre-tested on eight local adaptation plans from Europe and Australia. 
The pre-testing allowed me to train the three coders and refine the metrics and coding 
instructions so that they captured the concepts intended. Each plan was coded independently by 
two of the trained coders in line with recommendations from the communications literature on 
content analysis (Krippendorff 2013) and recommendations from the plan evaluation literature 
on methodology (Berke and Godschalk 2009; Lyles and Stevens 2014). Before coding plans 
within the sample, I calculated inter-coder reliability to ensure that the coders fell within an 
appropriate range of inter-coder agreement (0.80 or greater; Berke and Godschalk 2009). 
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 Coders used the NVivo version 10 qualitative analysis software package (QSR 
International) to link coding items with the content of plans. After the coders completed a plan, I 
compared their quantitative data to identify disagreements on a metric-by-metric basis. All 
disagreements were discussed and reconciled by referring to the qualitative plan content, and the 
final, agreed-upon codes were integrated into a master dataset. 
I calculated inter-coder reliability scores for each plan and code using two measures: 
percent agreement and Krippendorff’s alpha. Because of their theoretical importance and my 
confidence in the reconciliation process, I kept all items in the dataset and included them in plan 
quality calculations, regardless of the inter-coder reliability score. To achieve equal weighting of 
the codes for each principle, I calculated index scores for each plan principle by summing the 
reconciled scores for the principle and dividing by the number of codes in that principle. I 
calculated total plan quality by averaging index scores for each plan principle. Additionally, I 
calculated descriptive statistics to assess the overall quality of the plans included in the sample, 
as well as how well each plan scored on the seven plan quality principles. 
Assessing Plan Quality Variability 
I was interested in four causal models explaining plan quality: local capacity, 
commitment, policy diffusion, and internal processes. Theoretically, communities that have more 
capacity, defined as resources available to dedicate to planning, should produce better plans 
(Brody et al. 2010; Carmin, Nadkarni and Rhie 2012; Burch 2010; Moser and Ekstrom 2010). 
Inadequate financial resources is the barrier to adaptation most commonly cited by practitioners 
(Eisnack et al. 2014; Carmin, Nadkarni, and Rhie 2012). Variables to operationalize capacity, 
such as the presence of funding to create a plan, access to data, technical assistance, and 
community wealth, are commonly included in plan quality studies (Tang et al. 2010; Schrock 
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Bassett, and Green 2015). These studies also consistently find that state mandates, which build 
capacity by requiring localities to go through the planning process, are associated with higher 
plan quality (Berke 1996; Dalton and Burby 1994; Berke and French 1994). By participating in 
comprehensive planning, a wide range of local officials can gain knowledge of the planning 
process and exchange information, recognize shared goals, and build trust (Lyles, Berke, and 
Smith 2014). Given this theoretical grounding, I include three variables related to financial 
capacity and two related to state mandates in my capacity model: 1) funding provided to create 
the plan, 2) median household income in the community, 3) the municipal operating budget, 4) 
the presence of a local land use planning mandate, and 5) the presence of a state hazard planning 
mandate. 
Commitment describes a local government’s dedication to an issue, and lack of 
commitment is often noted as a major impediment to risk reduction (Burby 2006) and climate 
adaptation efforts (Eisenack et al. 2014). Public awareness of climate change and perception of 
risk generally influence public support for climate change policy (Weber 2010) and may be an 
important variable in understanding local government commitment to adaptation (Eisenack et al. 
2014). Additionally, previous disaster experience may act as a “focusing event,” increasing 
public awareness and government support for action (IPCC 2012; Anguelovski and Carmin 
2011; Baynham and Stevens 2014): previous plan quality studies have consistently found 
disaster experience to be significantly and positively correlated with hazard mitigation plan 
quality (Berke et al. 2015; Lyles and Stevens 2014). Previous climate change and hazard 
mitigation activities may also indicate local government support for adaptation (Bedsworth and 
Hanak 2013; Adger et al. 2009). I include seven variables in my commitment model. I 
operationalize public support with 1) percentage of public concerned about climate change and 
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2) previous experience with a disaster. I include four measures of previous climate change and 
hazard mitigation experience: 3) whether a local government is a member of ICLEI-Local 
Governments for Sustainability, 4) whether the local government is a signatory of the U.S. 
Mayors Climate Protection Agreement, 5) whether the local government is a signatory to the 
Resilient Communities for America pledge, and 6) whether the community participates in the 
Community Rating System. Finally, I also include 7) whether the plan was formally adopted by 
an elected body – a direct measure of political support for the adaptation process.  
Policy diffusion refers to the movement of ideas or actions across jurisdictional lines, 
often through friendly competition or community networks. Diffusion of information and ideas 
through professional associations is believed to have helped shape urban climate mitigation 
initiatives (Pitt 2010; Ryan 2015; Anguelovski and Carmin 2011) and may similarly influence 
adaptation efforts (Bulkeley and Castan Broto 2013). In particular, membership organizations 
such as ICLEI-Local Governments for Sustainability (ICLEI) and the Urban Sustainability 
Directors Network (USDN) provide opportunities for municipalities to share lessons learned and 
promising practices with their peers, which may stimulate more innovation and overall climate 
action. In addition, the year of plan publication has also been found to influence the quality of 
local plans, as plans published later may incorporate lessons from earlier planning efforts (Tang 
et al. 2010). Given these factors, in my policy diffusion model I include four variables: 1) year of 
plan publication, 2) presence of a state adaptation plan, 3) membership in ICLEI-Local 
Governments for Sustainability USA, and 4) membership in the Urban Sustainability Directors 
Network.  
The fourth model I test is an internal operations model, which includes two variables: 1) 
plan author and 2) source of funding. For plan author, I include a separate dummy variable for 
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different internal authors, specifically planners, environmental agencies, or a taskforce. 
Authorship, specifically the involvement of planners, has been shown to influence hazard 
mitigation and adaptation plan quality (Lyles, Berke, and Smith 2014). For source of funding, I 
include dummy variables for federal, state, or non-governmental organization funding. While 
previous studies have not included funding source, I theorize that different funders have different 
priorities and requirements for the planning process, which may lead to plans of varying quality 
(See Appendix B for a complete list of independent variables included in the analysis and 
sources of data). 
For each conceptual model, I ran a separate ordinary least square regression with plan 
quality as the dependent variable. Lubell (2009) uses a similar approach of running conceptual 
models separately due to small sample size. In addition, I constructed a best-fit model consisting 
of variables from the individual conceptual models significant at a 0.1 level. To ensure that this 
method of variable selection was effectively explaining the variation in my data, I used the leaps 
package (Lumley 2009) within the software R to identify the best model. The leaps package 
performs all sub-sets regression or an exhaustive search of all models of each size. In almost 
every case, the leaps package identified the model with the significant variables from the 
individual conceptual models as having the most explanatory power. I repeated this procedure 
with each of the seven plan principles as the dependent variable. Diagnostic procedures found no 
violation of regression assumptions. I conducted all analyses using the software R (R Core Team 
2013).   
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CHAPTER 3: PLANNING FOR AN UNKNOWABLE FUTURE: UNCERTAINTY IN 
CLIMATE CHANGE ADAPTATION PLANNING2 
 
Introduction 
Even with strong scientific consensus that climate change is occurring, there remains 
considerable uncertainty in the timing, magnitude, and, in some cases, the direction of change 
(Walsh et al. 2014). This uncertainty complicates adaptation planning (Moser 2005; Hallegatte 
2009) that may determine where development occurs, infrastructure design, and natural resource 
management. Actions may be ineffective, maladaptive, or put people at risk if the changes 
experienced due to climate change are different from those anticipated and planned for 
(Haasnoot et al. 2013; Capela Lourenço et al. 2014). Since climate change is characterized by 
uncertainties that cannot be reduced by gathering further information and are not necessarily 
statistical in nature (Walker et al. 2013; Werners et al. 2013), improved policy and planning 
approaches are needed that enable discovering, assessing, and addressing uncertainty (Abunnasr 
et al. 2015; Berke and Lyles 2013; Quay 2010).  
Adaptation planning cannot avoid uncertainty (Kwakkel et al. 2016), indeed, most 
adaptation planning occurs under deep uncertainty when it is not possible to determine with 
confidence whether one future state is more plausible than another (Dittrich et al. 2016; Lempert 
and Groves 2010). Approaches for planning under deep uncertainty emphasize the need to 
consider multiple scenarios, selecting strategies that provide benefits across a number of 																																																								2	This chapter previously appeared as an article in the journal Climatic Change. The original 
citation is: Woodruff, S. C. (2016). Planning for an unknowable future: uncertainty in climate 
change adaptation planning. Climatic Change. https://doi.org/10.1007/s10584-016-1822-y		
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potential scenarios, and establishing a process for learning and incorporating new information 
(Kwakkel et al. 2016; Dittrich et al. 2016). Planning that accepts and manages uncertainty in this 
may create plans that remain relevant longer, allow for corrective action, and avoid maladaptive 
outcomes (Walker et al. 2013; Lempert et al. 1996). Theoretically, through improved planning 
processes it is possible to not only motivate more action but also improve the performance of 
adaptation strategies across different futures (Abunnasr et al. 2015).  
Considering multiple scenarios, defined as internally consistent, plausible futures that 
might evolve from present conditions (Kirshen et al. 2012), can help improve planning by 
representing the range of uncertainty (Berkhout et al. 2013). Considering multiple scenarios can 
help identify the weakness of different strategies and identify actions that provide benefits across 
a number of potential futures or “robust strategies” (Dittrich et al. 2016; Hallegatte 2009). No-
regret actions, a type of robust strategies (Dittrich et al. 2016) that yield benefits regardless of 
climate change, are often the first step cities take (Hallegatte 2009; Abunnasr et al. 2015).  
Flexible strategies, in contrast, are those that can be implemented incrementally by designing the 
measure so that it can be adjusted overtime (e.g. building sea walls with wider foundations so it 
can be raised in the future) or by sequencing measures overtime to leave options open to address 
the range of possible futures (Reeder and Ranger 2010). Flexible strategies require monitoring of 
local climate conditions and impacts to determine when additional or new actions should be 
taken (Barnett et al. 2014). Iteratively incorporating new insights from monitoring, experience, 
and research into planning and implementation is called an adaptive approach (Walker et al. 
2013) or adaptive management (IPCC 2012). Adaptive management emphasizes learning in 
order to update plans and policies in real time (Abunnasr et al. 2015).  
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Multiple tools have been developed to help better plan under deep-uncertainty such as 
robust decision making, real options analysis, and dynamic adaptive policy pathways (Haasnoot 
et al. 2013; Haasnoot et al. 2012; Lempert and Groves 2010; Gersonius et al. 2013; Kwakkel et 
al. 2016; Dittrich et al. 2016). These tools have been used in a variety of settings (e.g. water 
supply, flood risk management, energy production, transportation development), but 
predominately they have been applied to major infrastructure projects not spatial planning 
(Kwakkel et al 2016; Lawrence et al. 2013; Capela Lourenço et al. 2014). Theoretically, these 
tools and approaches are applicable to city and county adaptation planning (Ranger et al. 2013), 
which in the U.S. typically include a vulnerability assessment and strategy framework to address 
local impacts (Woodruff and Stults 2016). The lack of technical and financial capacity, absence 
of a clear mandate for action, and emphasis on consensus of stakeholders at local scales, 
however, may limit the usefulness of tools to manage uncertainty for city and counties (Barnett 
et al. 2014).  
While the need to account for uncertainty in adaptation planning and decision-making is 
increasingly recognized, there has been limited empirical research on how approaches to manage 
uncertainty are used in local adaptation planning. Most studies focus on one or a small number of 
cases, typically large infrastructure projects, to demonstrate how an approach can be applied 
(Larson et al. 2015; Abunnasr, Hamin, and Brabec 2015; Lempert and Groves 2010; Dessai and 
Hulme 2007; Haasnoot et al. 2012; Ranger et al. 2013; Barnett et al. 2014). There have been few 
studies that examine how uncertainty is dealt with across multiple local adaptation plans. Plan 
evaluation, which uses content analysis to compare large samples of plans to established 
principles of plan quality, has largely neglected uncertainty (Lyles and Stevens 2014).  
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The importance of managing uncertainty in climate adaptation planning necessitates we 
reconsider how we evaluate plans. Berke et al. (2014) argue that the principles commonly used 
in plan evaluation are not fully suited to evaluate disaster recovery plans because of the high 
degree of uncertainty in timing, location, and impacts of extremes these plans must address. To 
better evaluate recovery plans, Berke et al. (2014) incorporate approaches to manage uncertainty 
such the consideration of multiple futures, flexible policies, and iterative learning into their 
evaluation principles. In the analysis of 57 adaptation plans from multiple countries and 
geographic scales, Preston et al. (2011) include a criterion to measure the extent to which plans 
acknowledge uncertainty in the planning process. This work demonstrates that adaptation plans 
typically have weak discussion, if any, around uncertainty (Preston et al. 2011; Woodruff and 
Stults 2016). Plan evaluation studies to date, however, fail to provide sufficient detail about what 
types of approaches are used to manage uncertainty. Moreover, by focusing on plans themselves, 
plan evaluation does not address how stakeholders understand uncertainty and choose to address 
it in the planning process. 
This begs the question: How does uncertainty influence local climate adaptation plans 
and planning processes? I used content analysis to evaluate 44 existing local climate change 
adaptation plans in the U.S. to determine the approaches used in plans to manage uncertainty. To 
better understand how uncertainty influences the planning process, I also conducted informant 
interviews in Boulder, CO; Denver, CO and Salem, MA. These communities capture the 
variation across plans on content analysis scores, climate threats, and plan author.  
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Methods 
Sample Selection and content analysis 
To understand how approaches for managing uncertainty are translated into adaptation 
plans, I reviewed and analyzed data compiled during a content analysis conducted by Woodruff 
and Stults (2016) in which 44 stand-alone, local adaptation plans in the U.S. were evaluated. 
Each plan was coded for the presence/absence of 12 metrics associated with uncertainty (Table 
1). The metrics developed based on a literature review of adaptation guidance documents 
published by international, federal, state, and non-governmental organizations (Anonymous 
2016) and represent approaches to manage uncertainty commonly recommended in the 
adaptation literature (see supplementary material for additional details). 
Interviews 
To more fully explore how uncertainty was addressed in the planning process and why, I 
complemented the content analysis with informant interviews. Informant interviews were 
conducted in a community with a high score on the content analysis, Boulder, CO, and two with 
lower scores: Denver, CO and Salem, MA. Effort was taken to select communities with high 
levels of public concern about climate change and support from elected officials, but the 
communities vary on other factors that may be important for how they manage uncertainty.  
Boulder County received the highest score on the content analysis including 9 (75%) of the 12 
metrics, meaning it acknowledged uncertainty in climate projections, identified approaches to 
manage uncertainty, and incorporated those approaches into the planning process. The Boulder 
plan was written by consultants. Previous research showed that plan author is strongly associated 
with overall plan quality (Woodruff and Stults 2016) and may influence how plans manage 
uncertainty. Consultants may be more familiar with techniques to manage uncertainty and be  
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Table 4 Metrics used to code local adaptation plans. The table includes a description of each 
metric as well as the percent of plans that included the metric and reliability of the coding. 
Reliability was measured in two ways: percentage agreement of coders and Kripendorff's Alpha 
included in parentheses. 
Metric	 Description	 %	Plans	 Reliability	
Acknowledge	
uncertainty	
The	plan	acknowledges	uncertainties	involved	in	projection	of	
climate	change	or	estimation	of	vulnerabilities.	
75%	 77%		
(0.46)	
Acknowledge	sources	
of	uncertainty		
Describes	sources	of	uncertainty.		 32%	 77%		
(0.46)	
Multiple	scenarios		 Mentions	that	different	climate	scenarios	were	considered.	 70%	 84%		
(0.63)	
Multiple	scenarios	
detailed	
Provides	a	detailed	description	of	scenarios.		Description	must	
include	how	scenarios	were	developed	and	how	scenarios	differ	in	
terms	of	assumptions	and	impacts.	
43%	 82%		
(0.621)	
Adaptive	
management	
Mentions	adaptive	management.	Adaptive	management	is	the	
process	of	incorporating	new	information	from	monitoring	and	
science	into	decision-making	with	an	emphasis	on	learning.	
43%	 66%		
(0.308)	
Adaptive	
management	detailed	
Emphasizes	adaptive	management	and	learning	throughout	the	plan	
and	establishes	a	process	for	incorporating	new	information	from	
monitoring	and	science	into	decision-making.	
18%	 84%		
(0.375)	
Flexible	strategies	 Explicitly	recognizes	the	need	for	flexible	adaptation	strategies.	 23%	 86%		
(0.64)	
Flexible	strategies	
detailed	
Includes	flexible	strategies	and	explicitly	identifies	strategies	as	being	
flexible.		
5%	 93%		
(-0.024)	
Robust	strategies	 Discusses	robust	strategies	as	an	option	to	address	uncertainty.	
Robust	strategies	are	those	that	produce	positive	outcomes	across	a	
range	of	different	scenarios	or	future	conditions.	
30%	 93%		
(0.54)	
Robust	strategies	
detailed	
Includes	robust	strategies.	Robust	strategies	produce	positive	
outcomes	across	a	range	of	different	scenarios	or	future	conditions.	
Must	identify	the	strategies	as	robust.		
20%	 100%		
(1.00)	
No-regrets	strategies	 Discusses	no-regrets	strategies	as	an	option	to	address	uncertainty.	
No-regrets	strategies	are	those	that	can	be	justified	under	current	
climate	conditions	but	also	make	even	more	sense	with	climate	
change	(CCS	2011);	may	also	be	called	win-win	strategies.		
30%	 95%		
(0.887)	
No-regrets	strategies	
detailed	
Includes	no-regret	strategies.	No-regrets	strategies	are	those	that	
can	be	justified	under	current	climate	conditions	but	also	make	even	
more	sense	with	climate	change	(CCS	2011);	these	may	also	be	called	
win-win	strategies.	Must	explicitly	identify	strategies	as	no-	or	low-	
regrets.	
2%	 97%		
(0)	
 
compelled to recognize uncertainty in the plan as a disclaimer to their work. In contrast, Denver 
included 3 (25%) of the metrics and was written by the Department of Environmental Health. 
Boulder County and Denver are a useful comparison since they share many of the same climate 
concerns but differ in type of author. Salem’s plan, like Denver, also included 3 (25%) of the 
metrics but was written by a consultant. Salem has a markedly different geography and climate 
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concerns. These communities capture the variation in types of authors and climate threats across 
the sample.  
Across the three communities, 19 interviews were conducted. Interviewees represent the 
diversity of stakeholders involved in the planning process including consultants, community 
organizations, local utilities, and representatives from multiple government agencies such as 
natural resources, public health, transportation, and emergency services. Interviews were 
transcribed and coded to identify common challenges and opportunities to manage uncertainty in 
adaptation planning (see supplementary material for additional information on interview 
methods).  
Results 
Uncertainty Approaches Across Adaptation Plans 
Overall, plans score low on the content analysis. The highest scoring plan, Boulder, 
includes 9 of the 12 metrics considered. Four plans include none of the metrics. On average, 
plans include only 3 metrics. 
Most of the plans in the sample (33 of 44; 75%) explicitly acknowledge the uncertainty 
associated with planning for future changes in climate, but few actually incorporate approaches 
to manage that uncertainty. Considering multiple scenarios is the approach most commonly 
used: 31 plans (70%) mention that future scenarios were considered in the planning process. 
Many plans that consider multiple scenarios (61%), however, fail to provide details about how 
scenarios were developed and how they differ in future impacts. No-regrets, flexible, and robust 
strategies are not frequently discussed as options to address uncertainty (13 (30%), 10 (23%), 
and 4 (9%) plans, respectively), and specific strategies are rarely labeled as no-regrets, flexible, 
or robust (1 (2%), 2 (5%), and 0 plans, respectively).  
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Figure 4: Percent of plans that include each code. 	
Most plans mention scenarios in the context of different greenhouse gas emission 
trajectories developed by the IPCC, but there was wide variation in which scenarios were 
considered. Boulder’s plan considers multiple IPCC scenarios (A2, A1B, and B1; IPCC 2000). 
The plan, however, focuses on the A2 (high emission) scenario because past emissions have been 
most consistent with this projection. Many plans take this approach of considering several 
scenarios to represent the range of projections and then plan for only one. Very few plans 
consider different development scenarios; those that do, such as Lafourche Parish and Baltimore, 
use these potential futures to engage the public. No plans in my sample combine development 
scenarios and projections of climate impacts to identify how development decisions would 
interact with and contribute to climate vulnerability.  
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Robust and flexible strategies are not frequently discussed as options to address 
uncertainty in adaptation plans, and specific strategies are rarely called out as being robust (0%), 
no-regrets (2%), or flexible (5%). Baltimore, for example, defines “no regret” strategies as, 
“actions that will provide benefit and cause no harm regardless of whether or not climate change 
happens” (Baltimore 2013, 154). It goes on to recommend a no-regrets approach to decision 
making: “It is important to prioritize these [no-regret] actions as they focus on enhancing, 
strengthening, and protecting Baltimore’s residents and assets; either way, the City of Baltimore 
will benefit” (Baltimore 2013, 154). Baltimore, however, does not explicitly identify which of 
the strategies it proposes are no-regrets. Grand Rapids’ plan, includes similar language – 
“Priority should be given to “no-regrets” strategies, those that will generate social or economic 
benefits whether or not climate change occurs” (Occhipinti and Ferguson 2013, 25) – without 
specifically identifying no-regret strategies in the plan. 
Similarly, only 19 plans (43%) mention adaptive management and only 8 (18%) clearly 
establish an adaptive process. Plans that mention adaptive management typically reference the 
need for an iterative process to incorporate new knowledge. Denver, for example, explains, 
“Climate adaptation planning and implementation will be iterative. Climate conditions are 
expected to be more dynamic and changeable, and our understanding is incomplete. We fully 
expect that this plan will need to be updated and modified as conditions change and our 
understanding of best practices changes” (Denver 2014, 64). To understand why these 
approaches are used so rarely in local adaptation planning in the U.S. and identify other potential 
approaches for managing uncertainty in the planning process, I conducted interviews in 
communities with varying scores on the content analysis. 
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Challenges with uncertainty 
 Interviews revealed an array of perceptions regarding challenges and opportunities to 
address uncertainty in the planning process. Challenges can broadly be categorized as either (1) 
assumption in planning and decision-making processes and (2) political and institutional barriers. 
Assumptions in Planning 
Many interviewees considered assumptions in existing decision-making processes as the 
largest constraint to better managing uncertainty in the adaptation planning process. Plans and 
decisions are still made under the assumption that the future can be predicted. A consultant in 
Boulder County explained, stakeholders “were asking questions […] that sort of suggested that 
they were looking for an answer instead of a range.” If stakeholders assume that it is possible to 
forecast the future, they may not understand why uncertainty approaches are necessary. 
When asked about the challenges associated with scenario planning, for example, one 
stakeholder in Boulder’s planning process responded, “how do we decide between scenarios is 
the challenge.” This conveys how the desire to focus on one forecast can limit the utility of 
uncertainty approaches. Another common comment was that scenario approaches tend to include 
too many futures, making it difficult to get meaningful results and determine appropriate actions. 
“Where do you stop? How do you decide which scenarios to include?” asked another stakeholder 
from Boulder. Many felt that including scenarios of extreme change in the process was 
unhelpful, because they are so hard and expensive to plan for. Rather than use scenario to 
explore the range of potential futures, these comments express a desire to ‘close out’ uncertainty 
by limiting the number of futures considered. 
Yet, there was also awareness that planning for only one future can leave communities 
unprepared. An interviewee in Boulder likened the risk of planning for one future to the 
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ubiquitous use of the 100-year flood (an event that has a 1% chance of occurring any given year) 
in planning. When Boulder County suffered a 1000-year flood in September 2013, damage was 
caused in areas that no one knew were vulnerable because planning had focused on the 100-year 
flood. While it is impossible to determine if this, or any single event, was caused by climate 
change it is a helpful analogy to explore the consequences of planning for one forecast of the 
future. 
Several interviewees felt that early adaptation efforts did not effectively plan for a range 
of possible futures. One interviewee in Denver described how when their organization started 
long-range planning, they were “overly confident” in their understanding and projections of the 
future. Severe drought and record-setting wildfires caused them to change how they were 
thinking and planning for the future. Now, they are using both scenarios and robust-decision 
making to more fully explore the uncertainty space. In Boulder, a similar change in mindset 
occurred after the flood; it caused people to “recognize that you aren’t going to know for sure 
what is going to happen that you can’t predict everything,” explained a Boulder employee. An 
interviewee involved in Denver’s planning process suggested this change in mindset is critical 
for effectively managing uncertainty: 
“Until you are really grasping what uncertainty means and what planning for the future 
means, and that we don’t really know what the future is going to look like – until you’ve 
grasped those concepts I don’t think new tools are really helpful because you don’t 
understand why you need them.” 
 
The assumption that the future can be accurately predicted is deeply rooted in existing decision-
making processes and poses a major barrier to the incorporation of approaches to manage 
uncertainty. Yet, the interviewee in Denver also recognized, “we really haven’t spent a lot of 
time breaking down the assumptions.”  
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Political and Institutional Barriers 
When asked if the uncertainty associated with climate change is different than uncertainty 
in their other work, nearly every interviewee responded that there is not more uncertainty in 
climate change but the political contention around the issue makes it different. One Boulder 
employee described how when they take proposals for funding to policy makers, “uncertainty is 
always, always the question that comes up.” Uncertainty and the long-term nature of climate 
change, can cause doubt about the seriousness and urgency of the issue making it difficult to 
reach consensus on adaptation measures (Rietveld et al. 2013). 
Planning for multiple potential futures is even more challenging. As a consultant in 
Boulder succinctly explained, “we need to prepare ourselves for what might come and we don’t 
have, nor will we ever have, a clear idea of what that means. We need to prepare ourselves for a 
variety of possible things that could cause significant harm.” This means the benefits of some 
adaptation strategies are uncertain and, in fact, some strategies may not actually be needed. A 
Boulder County employee likened adaptation strategies to tools in a toolbox: not all of the tools 
are necessary every day but you include a number of different tools because you may need to fix 
the kitchen sink today and patch drywall tomorrow. A consultant involved in creating Boulder’s 
plan, reflected that political institutions in the U.S. are not well equipped to prepare for multiple 
futures. It can be difficult to gain public and political support for investments in “tools” that you 
do not need today and don’t know if you need in the future, especially when there are so many 
issues with immediate needs. “City council is on a two year election cycle […] something like 
[sea level rise] that is going to happen in 20 years time might not be their priority as opposed to 
getting that street paved, getting that streetlight fixed,” explains one Salem stakeholder.  
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Adaptation strategies can also be politically contentious. For example, in Colorado, water 
storage projects may be effective strategies to address changing hydrologic regimes but are 
opposed for their high cost, environmental impact, and encouragement of growth. Prioritization 
of adaptation strategies was another issue raised by interviewees. Communities do not have the 
resources to prepare for all the potential impacts of climate change, consequently they must 
determine which are most important. One stakeholder in Boulder explained, “We know both 
[earlier snowmelt and wildfires] are going to happen but the uncertainty piece is which is most 
important, which is the most urgent, and which do we address first?”  
Opportunities to manage uncertainty 
 While none of the communities used full scenario planning, robust strategies, or flexible 
strategies, they did take steps to manage uncertainty in the planning process. The approaches 
they used to manage uncertainty fall into six general categories: (1) acknowledge uncertainty; (2) 
focus on sensitivity and adaptive capacity; (3) identify no-regret strategies; (4) use a risk 
framework to justify adaptation; (5) develop strategies that create flexible and robust systems; 
and (6) take an iterative approach. 
Acknowledge Uncertainty 
When asked about advice they would give other communities about managing 
uncertainty in the planning process, most interviewees said the most important thing is to start 
now. Before even broaching uncertainty in projections, stakeholders need to come to the table 
and accept that change is occurring. Several interviewees argued that adaptation is about 
planning for change, not specific temperatures, storm intensities, or sea levels. Change is 
inherently uncertain; recognizing this allowed them to take a more precautionary approach. 
Engaging in adaptation planning and recognizing uncertainty in projections put them in a better 
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position to manage uncertainty and take further action in the future. 
Focus on Sensitivity  
Vulnerability is often assessed by evaluating exposure, sensitivity, and adaptive capacity 
(Frazier et al. 2014). Usually the first step in a vulnerability assessments is determining the 
expected changes in climate conditions, in other words, the first question is ‘what can the climate 
science tell us?’ Interviewees in all three communities, however, suggest that to better manage 
uncertainty, other questions should come first. Namely, focusing on sensitivity, or predisposition 
to harm, and adaptive capacity, the ability to address impacts (Frazier et al. 2014), can allow 
communities to more fully explore the consequences of climate change in a community and 
appropriate strategies, regardless of the magnitude and timing of change. 
In Boulder, the team of consultants that prepared the County’s adaptation plan 
recommended starting with sensitivity and adaptive capacity before turning to the climate 
science. One explained:  
“Start off with what matters to you […], start off with resources or sectors of particular 
interest and what you know about those sectors […] Rather than trying to use the climate 
science to dictate what you should be concerned about, because in reality its only 
vulnerabilities that matter” 
 
The Boulder consultants argue that without understanding current sensitivity and adaptive 
capacity, detailed, downscaled climate projections are not very useful. By first reviewing 
community sensitivity and adaptive capacity, the science assessment and climate projections can 
be tailored to address the issues of concern. This approach is reflected in Boulder’s plan; the bulk 
of the plan is dedicated to in-depth analysis of four sectors: (1) water supply, (2) emergency 
management, (3) human health, and (4) agriculture and natural resources. Relatively few pages 
are dedicated to presenting climate projections. To develop the sector-specific chapters, the 
planning process included an archival review of plans and interviews of government staff. By 
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starting with the ability of policies, plans, and procedures to accommodate future change, they 
identify effective strategies regardless of the degree of change.  
 While both Denver County and Salem started with climate exposure in their vulnerability 
assessment, interviewees expressed similar attitudes about the importance of determining 
sensitivity and adaptive capacity. In Denver, they simplified the climate exposure to consider 
only three effects: (1) increase in temperature; (2) increase in extreme weather events; and (3) 
reduced snowpack and earlier snowmelt. The analysis of each sectors sensitivity and adaptive 
capacity, however, was extensive. The plan details secondary and tertiary impacts of climate 
change; for example, rising temperature increases energy demand, which in turn can impact air 
quality. One stakeholder said taking this approach,  
“Allowed us to […] recognize how sensitive we are, but also not put too much weight 
into the science because the science is […] going to be wrong. It is not predictive. It is 
helpful, it is insightful, but it is not going to tell us what the future is going to look like.” 
 
Develop No Regrets Strategies 
Although Boulder, Denver, and Salem’s plans did not label strategies as no-regrets, 
interviewees felt that many of the strategies were, in fact, no-regrets. Interviewees saw numerous 
benefits in no-regret strategies including developing awareness of adaptation and building long-
lasting programs. Denver viewed the adaptation plan as an opportunity to get adaptation, “into 
the vernacular so that people understood and thought about adaptation in everyday activities.” 
Most of strategies in Denver’s adaptation plan were strategies from other planning efforts to 
demonstrate that existing actions have adaptation value. Interviewees also indicated that 
successfully implementing no-regret strategies can help motivate and build support for future 
adaptation. Starting small can build long-lasting programs that produce large change over the 
long-term. A consultant involved in preparing Boulder’s plan explained,  
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“A lot of the successful examples of communities we’ve looked at start small. They start 
with something that doesn’t take a lot of money; it doesn’t require political support 
because it’s within their job description […] But when you look at it 40 years later the 
collective activity […] looks like a radical change.”  
 
Denver has embraced this approach and emphasized the ability to implement strategies in the 
next five years during strategy selection. 
The difficulty in getting funding for adaptation strategies that do not have certain, 
immediate pay-offs has also pressured communities to focus on implementing no-regret 
strategies. In Salem, where many adaptation actions are tied to upgrading and repairing 
deteriorating infrastructure, cost of adaptation is a major issue. A stakeholder in Salem’s 
planning process explained,  
“I think for us the main thing is the cost of doing something to respond, it is very 
expensive. So can we identify projects that are good for now and good for any climate 
future?”  
 
As Salem updates infrastructure, they are taking climate change into consideration. For example, 
as they repave streets they are also completing drainage improvements to address projected 
increases in heavy precipitation, so over time the infrastructure will be more reflective of what is 
recommended in the plan.  
Risk Framework 
While discussed less frequently, one approach that both Salem and Boulder interviewees 
mentioned was using a risk framework to motivate funding and political support. Interviewees 
indicated that uncertainty needs be considered alongside consequences. Although impacts are 
uncertain and adaptation is expensive, the level of damage that could be caused is too great to 
ignore. “We can’t really take the chance that it may not happen,” explained one interviewee in 
Salem. In Boulder, the 2013 flood served as an example of the damage climate change could 
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potentially cause in the future. While the 2013 flood cannot be tied directly to climate change, 
the event highlights the importance of preparedness. One Boulder employee explained,  
“You look at this two-day or three-day event that happened in 2013 and we are still 
recovering, millions and millions of dollars later, and you look at that in comparison to 
[…] what could have been prevented […] It's a very delicate cost-benefit analysis; 
uncertainty versus what could potentially happen.” 
 
Competing definitions of robust and flexible 
The content analysis of adaptation plans and informant interviews demonstrate that 
strategies that perform well across multiple scenarios or can be implemented incrementally are 
uncommon, but communities are proposing strategies to increase the flexibility and robustness of 
existing systems. Boulder’s plan includes strategies to create more flexible operations, plans, and 
management. One Boulder interviewee said, “a lot of the stuff we talk about are altering current 
management or operational practices, developing that flexibility so that you can operate under 
various hydrologic or temperature regimes.” This definition differs from how flexible strategies 
were defined in the content analysis, that they can be implemented incrementally or adjusted 
overtime to account for change. Others discussed how, since the 2013 flood, the county has 
embraced new road design practices to create transportation infrastructure that can withstand a 
range of future climates. Rather than elevate bridges and roads to be passable during floods, they 
are strengthening the infrastructure to withstand flood events. This exposes alternative 
definitions of robust: engineering strength and ability to perform across a range of futures. While 
plans typically are focused on one future, they are taking steps to make sure systems are resistant 
to impacts and can quickly recover. Many of the plans in the sample including New York City, 
NY; Punta Gorda, FL; and Baltimore, MD contain strategies to develop more flexible operations, 
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build infrastructure to withstand a range of climates, and create redundant systems in case of 
failure. 
Iterative Processes 
Interviewees viewed monitoring and iteratively planning as an important tool to manage 
uncertainty in climate change projections. When the science is uncertain, “Revisit it in five years 
look at it in ten years and maybe some of those uncertainties will come into clearer focus […] 
and learn from your experiences,” advised one Boulder stakeholder. Most existing tools for 
planning under uncertainty are limited to exploring uncertainty in conditions known to cause 
strategies and systems to fail. For example, when applied to drinking water systems, uncertainty 
approaches may examine how different strategies would perform under various scenarios of 
water demand and hydrologic regimes. Focusing on uncertainty around the variables known to 
affect the system, existing tools may not illuminate the unknown-unknowns such how wildfire 
affects water supply. Tools to plan under uncertainty do not explore the full uncertainty space 
because we do not know all the conditions that may be important to consider. To illustrate this 
point, an interviewee in Denver asked, “What if the world could never use plastics again, what 
does that mean?”  In light of unknown-unknowns, any successful adaptation effort needs to be 
iterative. 
Boulder’s adaptation plan includes recommendations for additional research and 
monitoring to be incorporated into future planning efforts. In the public health sector, for 
example, it is unclear how mental health may be affected by climate change so the plan 
recommends staying informed about ongoing research in the area. Since it completed its 
adaptation plan in 2012, Boulder has continued to advance their understanding of climate: “I 
think a big push has been to continue to stay on top of the climate science, continue to monitor it 
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and be involved in it,” said one employee. But most interviewees did not feel like there was a 
systematic process to collect new information and incorporate it into the plan. Many interviewees 
discussed the importance of having resources such as the University of Colorado in staying 
current with climate science and engaged with adaptation. The County is constantly refining their 
adaptation efforts and focus, but this work has not been released publicly. Similarly, Salem 
interviewees discussed the constant refinement of adaptation priorities and strategies as they 
become aware of new information and learn from experience, but they have not and do not 
anticipate updating the plan in the near future.  
Denver incorporated their adaptation strategies into their existing Environmental 
Management System, a tool used to incorporate environmental considerations into the City’s day-to-
day operations. By including the adaptation strategies in this tool, they are integrated within agency’s 
existing goals, processes, and plans, and are analyzed annually. Denver released a one-year update 
to the 2014 adaptation plan that documents the progress in implementation of the plan and, 
moving forward, will measure implementation progress and release an update annually. This 
approach is unique among the adaptation plans and may be a promising way to implement 
adaptive management. Denver interviewees, however, also recognized that while measuring 
implementation is valuable, it does not determine if adaptation efforts are actually effective; one 
said, “It is tough with adaptation because you never know when you have adapted. It is hard to 
know if what you are doing is effective.”  
Discussion  
Significant attention has been dedicated to developing and refining planning approaches 
to manage uncertainty such as considering multiple scenarios, robust and flexible strategies, and 
adaptive management. While most plans in my sample recognize uncertainty and many 
demonstrate awareness of planning approaches that account for uncertainty, very few actually 
 62 
employ these approaches. When these approaches are employed, they are not used to their full 
potential. For example, although most plans considered multiple greenhouse gas emission 
scenarios most still produce static plans based on one future mirroring previous research 
(Abunnasr et al. 2015; Walker et al. 2013; Haasnoot et al. 2013). This indicates a persistent gap 
between research on planning under deep uncertainty and practice. 
Interviews demonstrate that planning for one future is deeply embedded in our 
assumptions, planning processes, and decision-making (Hopkins and Zapata 2007; Quay 2010; 
Haasnoot et al. 2013). Changing assumptions is an important first step in adopting new planning 
approaches, and also highlights that planning produces many benefits aside from the plan. Many 
interviewees discussed how the planning process increased awareness of climate change, 
encouraged their departments to share information, and created new networks; some felt that 
these outcomes, not the plan, were the most valuable results of the planning process. Participants 
felt that by engaging in the planning process and acknowledging that climate is changing, put 
them in a much better position to respond in the future.  
Interviews also indicate that uncertainty is a complex topic that is interconnected with 
difficult political questions: How much risk are we willing to accept? What do we value about 
our community? (Werners et al. 2013). Emphasizing climate projections or a ‘science-first’ 
(Ranger et al. 2013) approach to vulnerability assessments will not help address these political 
questions. Focusing on the question “what will happen?” may also reinforce the tendency to plan 
for one future (Barnett et al. 2014; Walker et al. 2013). By emphasizing sensitivity and adaptive 
capacity, communities are beginning to ask a new and likely more helpful question: “Given that 
one cannot predict the future, what actions that we can take today will serve us best in the future?” 
(Walker et al. 2013). This type of approach, which is commonly called ‘context-first’ (Reeder 
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and Ranger 2010), is increasingly recommended in the adaptation literature due to its ability to 
better incorporate uncertainty, engage stakeholders earlier in the process, and focus resources on 
relevant issues (Ranger et al. 2013). A ‘context-first’ approach necessitates a change in how 
information-providers interact with practitioners, emphasizing a bi-directional exchange of 
knowledge to ensure information that truly informs decision-making (Werners et al. 2013). 
Consistent with previous analysis of adaptation planning (Abunnasr et al. 2015), the 
communities in which I conducted interviews are prioritizing no-regret strategies. No-regret 
strategies are viewed as an opportunity to incorporate adaptation into every-day operations and 
begin to build long-lasting adaptation programs. While communities may be making static plans, 
they are also exploring opportunities to build resistance and resilience by making systems more 
flexible and robust (Walker et al. 2013). Interviewees in Boulder, Denver, and Salem also 
discussed the value of iterative planning but this approach may be undermined by the lack of 
monitoring details in plans. Woodruff and Stults (2016) found that most adaptation plans fail to 
include evaluation metrics, monitoring responsibilities, or reporting requirements, all of which 
are intended to help communities track and learn from plan implementation. Denver’s effort to 
integrate adaptation with the environmental management system provides a strong example of 
how implementation could be better monitored and used to inform future planning.  
Conclusion 
Low scores on the content analysis, indicate a persistent gap between research on 
planning under deep uncertainty and practice. Many of the challenges and opportunities 
identified in the interviews to improve planning under deep uncertainty are not new rather they 
reinforce previous work. Boulder, Denver, and Salem’s experiences exemplify simple 
approaches that can be taken during the planning process to manage uncertainty and begin to 
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break down the assumption that plans should be based on a single ‘best-estimate’ of the future. 
Specifically, focusing on sensitivity and adaptive capacity in the vulnerability assessment, 
recommending no-regret strategies, and iteratively monitoring and incorporating lessons learned 
into adaptation can help communities begin to prepare for multiple potential futures. Interview 
results, however, also indicate that greater attention needs to be focused on breaking down 
assumptions and institutional barriers deeply engrained in decision-making. This necessitates 
information-providers engage decision-makers and tailor information to decision-making 
context. It is also important to consider uncertainty in future plan evaluations. Plan evaluation 
has largely ignored uncertainty (Lyles and Stevens 2014), by including uncertainty in the 
standards by which we measure the quality of plans indicates that managing uncertainty is 
critical. 
Uncertainty in climate change is often discussed as debilitating but interviewees 
suggested that it is also an opportunity. As one Denver stakeholder put it, “I think we probably 
are going to be better prepared recognizing that we don’t know what is happening.” To realize 
this potential, however, we need to continue to challenge assumptions and decision-making 
process and highlight examples of how communities can begin to engage in planning for an 
uncertain and unknowable future. 
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CHAPTER 4: COORDINATING PLANS FOR CLIMATE ADAPTATION 	
Climate change poses a serious threat to ecosystem functions, public health, economic 
activity, infrastructure and the provision of critical services such as fresh water, transportation, 
and electricity (Melillo et al. 2014). To protect the welfare of their citizens, it is critical that local 
governments prepare for the impacts of climate change. Adaptation planning, which assesses 
local impacts of climate change, identifies potential adaptation strategies, and integrates this 
information into planning processes (Woodruff and Stults 2016), is a valuable tool for local 
governments to ensure that climate change is considered in future development and decision-
making (Hagen 2016).  
Heavier downpours, more frequent flooding, higher temperatures, longer droughts, more 
intense wildfires and other signatures of climate change affect multiple sectors and cut across 
levels of government from the international to local level (Fidelman, Leitch, and Nelson 2013; 
Bierbaum et al. 2012). Consequently, numerous actors at different scales are pursuing climate 
adaptation (Bierbaum et al. 2012), resulting in a complex and fragmented policy context that can 
be difficult for local governments to navigate (Fidelman, Leitch, and Nelson 2013; Shi et al. 
2016).  
Lack of coordination is frequently cited as a barrier to climate adaptation (Moser and 
Ekstrom 2010; Oberlack 2016). Coordination issues are particularly prevalent among public 
organizations that manage or act on the same system, such as water management and land use 
(Oberlack 2016). A municipality’s adaptation efforts may be hampered by contradictory policies 
at higher-levels of government or contradictory policies between municipal agencies (Burch 
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2010). The success of adaptation strategies will depend not only on the characteristics of the 
strategy itself, but also the interaction with other plans, policies, and programs (Fidelman, Leitch, 
and Nelson 2013).  
Planning represents an opportunity to bring together multiple actors, exchange 
knowledge, and build consensus. To facilitate coordination across actors, the literature on 
adaptation planning emphasizes mainstreaming, defined as the integration of adaptation into 
existing plans, policies, and programs (Rauken, Mydske, and Winsvold 2014), and adaptation 
strategies that advance broader community goals (Baynham and Stevens 2014; Fidelman, Leitch, 
and Nelson 2013). Linking adaptation with other community interests can help build support for 
and increase the implementation of adaptation efforts (Smit and Wandel 2006; Vogel et al. 2016). 
Adaptation plans frequently discuss mainstreaming and capitalizing on the synergies between 
adaptation and other community goals (Preston, Westaway, and Yuen 2011; Woodruff and Stults 
2016).  
Despite the emphasis on coordinating adaptation planning with existing community 
goals, plans, programs, and policies, there have been few systematic analyses of how adaptation 
plans coordinate actions across sectors and scales. The objective of this project is to determine 
the extent to which climate change adaptation planning is coordinated with other planning efforts 
within a community. Specifically: 
1) Is climate change adaptation mainstreamed with other plans? 
2) To what extent are strategies in climate change adaptation plans synergistic with or 
supported by other plans? 
3) What is the overall effect of a community’s plans on vulnerability to climate change? 
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To address these questions, I use content analysis to examine the plans in the City of Chester, 
PA. As a poor, post-industrial city, Chester struggles with the challenge many communities 
confront: the need to adapt with limited resources. In 2012, Chester received funding from the 
National Sea Grant to develop an adaptation plan that could serve as a model for other 
disadvantaged communities. At the outset of the planning process, it was recognized that climate 
change adaptation had to be balanced with revitalization efforts. While Chester is unique in 
many ways, the findings from this case may reveal insights about the challenges of coordination 
more broadly and, in particular, how adaptation could be supported in low capacity communities.,  
In the following section, I expand on the importance of coordination in planning and the 
approaches commonly used in climate change adaptation to coordinate plans. I review the 
information system of plans approach, which informed my methods. I then present the findings 
on the level of mainstreaming, emphasis of the adaptation plan on strategies that advance broader 
community goals, and the overall effect of plans on community vulnerability. I conclude with a 
discussion of how the results in Chester, PA may reflect larger trends and issues in adaptation 
planning.  
Network of Plans 
There is growing recognition that to understand the effectiveness of plans, we must look 
beyond individual plans and assess the agreement and coordination across a “network of plans” 
(Berke and Kaiser 2006). Network of plans refers to the planning ecosystem in every 
community, whereby multiple organizations or agencies create and adopt plans with 
interdependent actions that, when combined, guide local development and decision-making. This 
network includes the comprehensive, open space, and hazard mitigation plans as well as plans 
created at different scales – local, county, regional, and state. These plans are produced by 
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different organizations with different perspectives and different goals. Contradictions and 
inconsistencies between plans are to be expected due to the diverse parties involved in planning 
and changes overtime (Finn, Hopkins, and Wempe 2007). Contradictions and lack of 
coordination across plans, however, may inhibit implementation of plans, result in haphazard 
development, and cause agencies to work at cross-purposes.  
A prominent example of the lack of coordination in planning is the isolation of hazard 
mitigation planning from other planning efforts that govern land use and development in hazard 
areas (Berke et al. 2015). Land-use approaches that guide people and property out of hazard 
areas has long been recognized as the most effective tool for long-term hazard mitigation and 
disaster risk reduction (Burby 1998; Godschalk 1999; Berke and Smith 2009). Land use 
approaches, however, are usually inadequately integrated into hazard mitigation plans (Brody 
2003; Tang et al. 2008; Lyles, Berke, and Smith 2014). Similarly, land-use plans typically have 
no or very weak hazard mitigation elements (Burby 2006; Berke, Lyles, and Smith 2014). In a 
recent assessment of land use and hazard mitigation plans in Washington, NC, Berke et al. 
(2015) found that these plans work at cross-purposes. The land use plan increased physical 
vulnerability by encouraging more development in hazard areas, while the hazard mitigation plan 
attempted to reduce development in those areas through regulation and land acquisition. As a 
result of the lack of coordination and continued development in hazard areas losses from 
disasters have grown exponentially over the last century (Berke et al. 2015). Scholars have 
argued that better coordination and even integration of plans that guide development and 
mitigate hazards is needed (Burby 1998; Burby 2006; Berke and Smith 2009).  
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Coordination in Adaptation Planning 
Similar to hazard mitigation, the success of adaptation is dependent on multiple plans and 
policies that may not focus on climate change (Fidelman, Leitch, and Nelson 2013). Land use, 
open space, housing plans, and others can decrease or increase vulnerability to climate change 
(Kashem, Wilson, and Van Zandt 2016). A housing plan for example, may create low-income 
housing in future floodplains, increasing vulnerability to climate change. Alternatively, open 
space plans may decrease vulnerability by protecting stream buffers from development. Based on 
the importance of these numerous plans, the adaptation literature emphasizes mainstreaming and 
strategies that advance broader community goals (Smit and Wandel 2006). These approaches 
seek to highlight the way climate change affects different sectors and the need to consider 
climate change in all decision-making processes.  
Mainstreaming is intended to increase coherence between policies, reduce duplication 
and contradiction (Rauken, Mydske, and Winsvold 2014). If climate change is integrated into 
existing planning processes, it is less likely that plans will work at cross-purposes. Moreover, 
mainstreaming can increase the implementation and success of adaptation actions (Berrang-Ford, 
Ford, and Paterson 2011; Uittenbroek, Janssen-Jansen, and Runhaar 2012).  For example, in a 
meta-analysis of adaptation efforts Berrang-Ford, Ford, and Paterson (2011) find that climate 
change is rarely the sole motivation of adaptation, rather adaptation tends to be linked with other 
goals.  
In addition to mainstreaming, adaptation plans often emphasize win-win or no-regret 
strategies that advance broader community goals (Baynham and Stevens 2014; Fidelman, Leitch, 
and Nelson 2013). For example, green infrastructure strategies designed to reduce urban heat 
islands can address climate impacts, as well as provide additional benefits such as reducing 
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energy costs and increasing livability (Baynham and Stevens 2014). Most communities already 
have multiple strategies that have adaptation value. For example, in an analysis of 169 
municipalities in the State of Connecticut, Boyer et al. (2016) found that the average community 
has roughly 8 zoning policies in place that provide climate adaptation value. Similarly, Baynham 
and Stevens (2014) found that official community plans in British Columbia often include 
strategies that advance climate change adaptation even if adaptation is not the stated purpose. 
Including and building on these strategies in adaptation plans can help build political support for 
adaptation efforts (Smit and Wandel 2006; Vogel et al. 2016). 
System of Plan Analysis 
Relatively few analyses have examined the coordination of plan networks. Previous 
studies sought to create planning support systems or “information system of plans” by geo-
coding plan actions and layering actions from multiple plans in GIS (Finn, Hopkins, and Wempe 
2007; Kaza and Hopkins 2012). These studies were intended to provide more information for 
decision-making by identifying gaps, contradictions, and synergies between plans. While helpful, 
this approach is extremely time consuming and inhibited by the lack of spatial detail in most 
plans. To address these limitations but achieve similar results, Berke et al. (2015) created a 
“resilience scorecard” in which they assign strategies to planning districts rather than identify the 
specific location of each strategy. Planning districts are neighborhoods recognized by 
municipalities and used to target plan policies. Berke et al. (2015) argue that most local planning 
efforts focus on planning districts and that plans should attempt to coordinate strategies to 
achieve development goals for each neighborhood. By coding strategies for each district, Berke 
et al. (2015) were able to determine if the combined effect of the network of plans is to increase 
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or decrease vulnerability to flooding, storm surge, and sea level rise. Here, I draw on these 
approaches to analyze how adaptation is coordinated across the network of plans in Chester, PA. 
Methods 
Study Area 
The City of Chester, PA is located in Southeast Pennsylvania along the Delaware River. 
Regionally, the Delaware River basin is an important water-resource providing drinking water 
for 15 million people or roughly 5% of the U.S. population (Delaware River Basin Commission 
2004). In Chester, the 3.5-mile riverfront has a long history of industry. It was once a major 
shipping port connecting major rail systems to the riverfront. The city was rapidly industrialized 
in the late 1800s and continued to grow through World War II. In the last half century, industry 
and manufacturing fled the area and like many other post-industrial cities the population of 
Chester declined by approximately 50%. Today, 30% of Chester’s population lives below the 
poverty line. The drop in population and exodus of industrial and manufacturing firms has left a 
legacy of abandoned and vacant land.  
To counteract economic and population decline, the City of Chester has been actively 
attracting uses to the waterfront. With projects such as the Harrah’s Philadelphia Casino and 
Racetrack, PPL Park, and the Wharf at Rivertown, the riverfront is reemerging as a destination 
for mixed-use, recreation, and tourism related redevelopment (Delaware County Planning 
Department 2014). From the beginning, it was recognized that climate adaptation efforts in 
Chester would need to be balanced with revitalization goals. In 2012, Chester was awarded 
funding from the National Sea Grant Climate Adaptation Competition to develop an adaptation 
plan. One of ten communities that received funding through this award, Chester was selected as a 
model for integrating climate change adaptation planning into economic revitalization efforts.  
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The aim to balance climate adaptation with revitalization provides an ideal opportunity to 
examine how adaptation can be coordinated with other community objectives. Compared to 
other communities with climate adaptation plans, Chester is an outlier. It has lower household 
income, higher percentage minority populations, and high poverty rates (Woodruff and Stults 
2016). Although Chester is unique among the communities with plans, the challenges it 
confronts are emblematic of the obstacles many communities face: the need to adapt with limited 
resources and to balance adaptation with other community goals. This case is not only a way of 
testing a new approach to examining coordination of plans, but the findings may reveal insights 
about the challenges of coordination more broadly (Yin 2013). This case may be particularly 
important in understanding how lessons from early adapters can be translated to small, low 
capacity communities. 
Plan Selection 
In addition to the city adaptation plan, I collected plans that may influence development 
in the City of Chester such as comprehensive plans, hazard mitigation, watershed conservation 
plans, and revitalization plans. The three criteria used to select plans were: (1) that the plan’s 
geographic scope includes the community of interest; (2) that the plan includes formal strategies 
that will influence development within the community; and (3) that the plan is publicly available. 
In addition, I include all the reports and studies conducted on climate change by the planning 
authorities in the area. In total, this analysis included 20 plans written by 8 different planning 
authorities. Figure 5 shows the overlapping planning jurisdictions and Table 5 includes a full list 
of plans. 
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Figure 5: Overlapping planning jurisdictions. The City of Chester is influenced by plans created 
by a number of organizations at multiple scales shown here, for a full list of plans see Table 1. 	
To analyze these plans, I draw on content analysis and information system of plan 
methodologies. Content analysis is a research technique in which text is systematically read, 
coded, and interpreted to make replicable and valid inferences (Krippendorff 2004). By 
determining the presence and absence of pre-establish codes, qualitative data can be converted 
into quantitative data. Content analysis is commonly used in plan evaluations, which aim to 
determine the extent to which plans fulfill established principles of plan quality such as goals, 
fact base, strategies, and implementation and monitoring (Berke and Godschalk 2009; Lyles and 
Stevens 2014). Information system of plan analyses focus on plan strategies, typically identifying 
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the strategy intent and location (Finn, Hopkins, and Wempe 2007; Kaza and Hopkins 2012). For 
this analysis, I combine these methods to assess the level of mainstreaming, emphasis on win-
win strategies, and conflicts between plan strategies.  
Mainstreaming 
To determine the extent to which climate change adaptation is integrated with other 
plans, I coded whether plans (1) mention climate change impacts and (2) whether plans include 
strategies to specifically address those threats. To be coded as mentioning climate impacts, plans 
must include a discussion of climate projections and how those projections will affect 
community assets such as drinking water, built infrastructure, or public health. To be coded as 
including adaptation strategies, plans must include strategies that are clearly intended to address 
climate impacts. For example, the City of Chester comprehensive plan strategy, “Help decision 
makers and community members better assess risks associated with coastal hazards and changing 
climate conditions; plan adaptive strategies to become more resilient to these risks” (City of 
Chester 2012, 18), would be coded, but the strategy to “Assess the need for Creek Protection 
Overlay District” (p. 51), would not because it is not explicitly linked with climate change even 
though it would provide adaptation value. 
Synergies and Win-win Strategies 
Plans may include strategies with adaptive benefits, even if they do not explicitly discuss 
climate change (Boyer, Meinzer, and Bilich 2016). Strategies with adaptive benefits represent 
synergies between planning efforts that can help promote climate adaptation. To identify these 
synergies, I tagged strategies that advance the strategies proposed in Chester’s adaptation plan. 
For example, the strategy in the Delaware River Conservation Plan to, “Participate in the 
Community Rating System through the National Flood Insurance Program to help reduce the risk 
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of flood damage and to lower the cost of flood insurance premiums” (Delaware County Planning 
Department 2014, 26), advance with the Adaptation Plan strategy to, “Seek certification in the 
national flood insurance program Community Rating System” (Chester Hazards and Climate 
Project Team 2014, 40).  
Strategy Mapping and Comparison  
In order to determine if strategies are coordinated spatially, I replicate the methods used 
in Berke et al. (2015). First, I determined the planning districts and hazard area. Planning 
districts are identified in Chester’s comprehensive plan and roughly follow census block group 
boundaries. The hazard area is defined as the overlay district proposed in Chester’s adaptation 
plan, which includes the 500-year floodplain and the area inundated by a category 4 storm surge 
as shown in Figure 6. Then, I identified strategies in the 20 plans that influence land use and 
development. I focused on land use policies that influence the type, location, and amount of 
development in hazard areas. Each policy, was assigned to a planning district and given a score 
based on whether it increases (score = -1) or decreases vulnerability (score = +1). For example, a 
policy on zoning could decrease densities in a hazardous area (score = +1) or increase densities 
(score = -1).  
Policies may apply to the entire city or to specific planning districts. For example, the 
Hazard Mitigation strategy to “Review all capital improvements to ensure that infrastructure 
improvements are not directed towards hazardous areas” (Delaware County Planning 
Department 2011, 400) decreases vulnerability across all districts. The strategy in the Ridley 
Creek Conservation Plan to “acquire, or otherwise make available to the public, selected 
streamside tracts,” (Ridley Watershed Association and Green Space Alliance 1997, 40) in 
contrast, only applies to districts that are adjacent to Ridley Creek. 
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Figure 6: Zoning districts and hazardous area in the City of Chester (Modified from Chester 
Hazards and Climate Project Team 2014). The Hazardous area is defined as the overlay district 
proposed in Chester’s adaptation plan, which includes the 500-floodplain and the area inundated 
by a category 4 storm surge. 
 
In addition, it is important to note that some strategies that apply to the entire city may 
have different consequences for vulnerability in different districts and therefore have different 
scores. For example, the strategy to “Emphasize redevelopment of abandoned or underutilized 
brownfield and greyfield sites into mixed-use areas” (DVRPC 2013, 59) increases vulnerability 
(score = -1) in some districts because existing brownfield sites are within the hazardous zone, but 
have no influence on vulnerability (score = 0) in other districts where brownfields are outside the 
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hazard zone. For each planning district, I evaluate the overall influence on vulnerability of plans 
from different scales and of different types. Higher total scores indicate the use of more policies 
aimed at decreasing vulnerability, while negative scores indicate policies that actually increase 
development in hazardous locations. 
Results 
Mainstreaming 
Of the 19 plans analyzed in addition to the Chester Adaptation Plan, 9 plans discuss 
climate change threats and 8 plans include explicit climate adaptation strategies as shown in 
Table 5. Of the plans that include climate change, 3 are specifically focused on identifying and 
planning for the impacts of climate change. Of the other 6 plans, most are natural resource 
management plans such as the Delaware River Conservation Plan. These plans are 
predominately concerned with the environmental consequences of climate change, such as the 
loss of marshland and saltwater intrusion into fresh water habitats. A major concern is that sea 
level rise will increase salinity levels in the Delaware River and increase water treatment costs, 
or even inhibit the ability to use the river as a water source.		
The majority of plans (6 of the 9) that recognize and integrate climate change are regional 
plans. As early as 1996, the Partnership for the Delaware Estuary (PDE), a non-profit 
organization that manages the Delaware Estuary Program, integrated climate change into their 
Comprehensive Conservation and Management Plan for the Delaware Estuary. In 2010, the PDE 
released a study assessing the vulnerability of key estuary resources to rising sea levels. The PDE 
also incorporates climate change into their technical reports, which analyze the best available 
data to determine the status of the Delaware Estuary and provide progress updates on the 
management plan. In addition to climate change, these reports address land use, water quantity, 
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water quality, habitats, living resources, and restoration progress. The most recent technical 
report, released in 2011, integrates climate change into the future projections for indicators 
across these topics.  
 
Table 5. Plans that include discussion of climate threats and explicit adaptation strategies. 
Plan	Scope	 Plan	Title	 Date	 Climate	Threats	
Climate	
Strategies	
City	of	Chester	 Vision	2020:	The	City	of	Chester		 2012	
	 X	
	 CDBG	Annual	Action	Plan	 2016	 	 	
	 Mayoral	Transition	Report	 2016	 	 	
Delaware	County	 Renaissance	Plan	 2003	 	 	
	 Delaware	County	2011	Hazard	Mitigation	Plan	 2011	 X	 	
	 Delaware	County,	PA	Roadmap	for	Adapting	to	Coastal	Risk	 2011	 X	 X	
	 Delaware	County	2035	 2013	 	 	
	 Open	Space	and	Recreation	Plan	 2015	 	 	
Watershed	Associations	 Ridley	Creek	Conservation	Plan	 1997	 	 	
	 Ridley	Creek	Stormwater	Management	Plan	 1998	 	 	
	 Chester	Creek	Conservation	Plan	 2001	 	 	
	 Chester	Creek	Stormwater	Management	Plan	 2002	 	 	
	 Delaware	River	Conservation	Plan	 2014	 X	 X	
Delaware	Estuary	 Comprehensive	Conservation	and	Management	Plan	 1996	 X	 X	
	 Climate	Change	and	the	Delaware	Estuary	 2010	 X	 X	
	
Technical	Report	-	Update	on	Delaware	
Estuary	Comprehensive	Conservation	and	
Management	Plan	
2011	 X	 	
Delaware	Valley	Regional	
Planning	Commission	(DVRPC)	
Sea	level	rise	impacts	in	the	Delaware	
Estuary	of	Pennsylvania	 2004	 X	 X	
	 Connections	2040	Plan	for	Greater	Philadelphia	 2013	 X	 X	
Delaware	River	Basin	 Water	Resources	Plan	for	the	Delaware	River	Basin		 2004	 X	 X		
Similarly, the Delaware Valley Regional Planning Commission (DVRPC), the federally 
designated Metropolitan Planning Organization (MPO) for the Greater Philadelphia Region, 
 82 
conducted a study in 2004 on how sea level rise would affect the region. The most recent long-
range transportation plan for the greater Philadelphia Region, released in 2014, recognizes the 
threat of climate change in the region and the need to integrate climate change into plans.  In the 
long-range plan, DVRPC highlights Chester’s adaptation planning initiative as an example for 
other communities to follow.  
As the MPO, DVRPC has the authority to prioritize and fund capital transportation 
investments for the region but many of the growth management and environmental initiatives 
rely on the voluntary participation of local governments. To encourage local government 
engagement, regional organizations provide technical assistance. DVRPC and PDE were both 
active partners in creating the Delaware County  “Roadmap for Adapting to Coastal Risk” 
(Delaware County 2011) an initial assessment of local climate change vulnerabilities and 
adaptation priorities based on a hands-on workshop. DVRPC also provided significant 
organizational and technical support for the development of Chester’s Adaptation Plan. By 
supporting these projects, regional organizations may influence future local planning. For 
example, the Delaware County Planning Department suggest that other communities along the 
Delaware riverfront adopt the policies included in Chester’s adaptation plan (Delaware County 
Planning Department 2014).  
It is also important to note the plans that do not integrate climate change. The Ridley and 
Chester Creek Conservation Plans, for example, do not incorporate climate change. These plans, 
written in the late 90’s, focus on stormwater management and flooding reduction – topics closely 
aligned with climate adaptation. The more recent Delaware River Conservation Plan provides an 
illustration of how updates to these older plans may incorporate climate change. The County 
open space and hazard mitigation plans also failed to integrate climate adaptation. While the 
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hazard mitigation plan does mention climate change as a threat, it fails to include a meaningful 
analysis of how climate change may affect future hazards and the types of mitigation strategies 
that should be prioritized. In addition, housing and redevelopment plans in the region do not 
address climate change. 
Synergies and Win-win Strategies 
The adaptation plan recognizes that many of the threats from climate change are not new, and 
consequently do not require brand new efforts. Rather, climate adaptation can work 
synergistically with existing efforts to address stormwater runoff, erosion, flooding, and 
saltwater intrusion. Many of the strategies recommended in the adaptation plan are synergistic 
with policies in other plans. For example, the adaptation plan strategy to “Expand vegetated 
buffers, restore wetlands and streams, and protect open space” (Chester Hazards and Climate 
Project Team 2014, 48) is supported by 12 of the 19 other plans. The strong support for this 
strategy demonstrates the ability of open space to fulfill multiple community goals. Expanding 
and restoring natural systems can help absorb floodwaters and storm surges while also providing 
wildlife habitat, recreational opportunities, a sense of community, and scenic views. Multiple 
plans in the region discuss the ability of open space to achieve numerous community goals 
including encouraging redevelopment and increasing property values. Many plans reference a 
study DVRPC commissioned to quantify and valuate the ecosystem services in the region.  
While Chester’s adaptation plan emphasizes strategies that are supported across multiple 
other plans, it does miss several synergistic opportunities such as trail development and 
redevelopment. Trail development is mentioned in 8 plans and discussed as a tool to protect land 
adjacent to streams from development while also increasing redevelopment opportunities and 
recreation.  
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Table 6. Support for strategies in Chester’s adaptation plan. 
Strategies	from	Adaptation	Plan	 Supporting	
Plans	(of	19)	
Supporting	
Strategies	
Create	an	Environmental	Advisory	Council	 4	 4	
Engage	in	a	post-storm	redevelopment	planning	process	 1	 1	
Develop	a	heat	emergency	plan	 2	 2	
Seek	certification	in	the	National	Flood	Insurance	Program	
Community	Rating	System	
1	 1	
Improve	Floodplain	Management	 9	 14	
Expand	vegetated	buffers,	restore	wetlands	and	streams,	and	
protect	open	space	
12	 60	
Develop	a	plan	to	implement	green	stormwater	infrastructure	 11	 23		
Economic revitalization strategies are also notably absent from the adaptation plan, 
despite the intent to balance climate change and redevelopment efforts. Revitalization strategies 
are included in 11 of the other plans and nearly all those plans discuss the need to balance 
redevelopment with environmental protection, public access, and resilience. The County 
Roadmap for Adapting to Coastal Risk, for example, includes a strategy to: 
“Promote resilience as a theme for the area’s revitalization. Use opportunities for 
revitalization to create local overlay districts that implement forward-thinking 
environmental and hazard-mitigation provisions in redevelopment” (Delaware County 
2011, 43). 
The County Open Space plan notes:  
“Redevelopment provides an opportunity to improve sites that were previously developed 
without green development practices. Decreasing impervious surfaces, increasing 
vegetation, and introducing on-site stormwater management” (Delaware County Planning 
Department 2015, 145)  
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Chester’s adaptation plan, does not build on these strategies. On the contrary, the plan discusses 
the conflict between redevelopment and resilience, noting that priority areas for redevelopment 
tend to be in hazardous locations along the Delaware River.  
Strategy Mapping 
When strategies are mapped by district, the conflict between redevelopment and 
resilience measures along the waterfront becomes evident. Planning Districts 2, 3, and 4 are 
along the Delaware River and the areas targeted for redevelopment in those districts lie almost 
entirely within hazard zones.  Figure 3 shows the summed score for each scale of planning (local, 
county, and regional) and each type (adaptation and hazard mitigation, comprehensive, 
redevelopment and housing, and environmental) for each district. To better illustrate the presence 
of strategies that actually increase vulnerability in hazardous zones, the number of strategies that 
decrease and increase vulnerability are shown separately.  
While the net effect of the plans is to decrease vulnerability in all districts, there are 
numerous strategies that increase vulnerability in Districts 2, 3, and 4. Most of these strategies 
are from comprehensive plans that emphasize downtown and waterfront revitalization. Plan 
policies for the waterfront districts promote smart growth principles by incentivizing infill, 
encouraging redevelopment of brownfield and underutilized sites, utilizing existing infrastructure 
and targeting infrastructure investments to these developed centers. These plans, however, do not 
consider the fact that many of the areas slated for revitalization, including most of the Central 
Business District, are within hazard zones.  
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Figure 7: Sum of plan strategies influence on vulnerability. A) Sum of local, county, regional 
plan strategies for each district, and B) sum of adaptation and hazard mitigation plans, 
comprehensive plans, redevelopment plans, and environmental plans for each district. Negative 
scores indicate that strategies increase vulnerability. 	
While the comprehensive plans include multiple strategies that may increase 
vulnerability, they also include strategies that will decrease vulnerability. For example, they 
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include strategies to create creek protection overlay district,s improve development standards 
within the coastal zone management area, and use climate projections to inform infrastructure 
design. Only the local comprehensive plan produces negative sums for the waterfront districts by 
including more strategies that increase vulnerability than decreasing vulnerability.  
 The synergy between environmental plans and climate change adaptation is illustrated by 
the high number of strategies that environmental plans include to reduce vulnerability. The fact 
that most environmental plans – Delaware, Ridley, and Chester Creek Conservation plans – are 
regional elevates the summed score of the regional plans. At the regional scale, the strategies to 
promote revitalization in hazardous areas are outnumbered by the multitude of strategies to 
protect stream buffers, discourage development in floodplains, and stormwater management 
ordinances. At the regional scale the goals of revitalization and adaptation appear to be 
complimentary. Only at more local levels, where plans identify specific projects and locations 
for revitalization, does the spatial conflict between these goals become clear. 
Discussion 
This study employed multiple approaches to assess the degree to which local climate 
change adaptation planning is coordinated with the network of plans in the City of Chester. The 
results of these analyses indicate synergies and conflicts between the City’s climate change 
adaptation plan and hazard mitigation, comprehensive, redevelopment, and environmental plans. 
While other communities will have different patterns of development and vulnerability, 
producing different results, the conflicts in Chester are consistent with previous studies on plan 
coordination (Berke et al. 2015). Moreover, these results illuminate more general challenges in 
the field of climate change adaptation.  
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Climate change is addressed in a number of different plans developed at different scales. 
Environmental plans, however, most commonly integrate climate change. This is consistent with 
past research that found climate change is primarily framed as an environmental issues and early 
adaptation efforts are driven by departments of environment (Preston, Westaway, and Yuen 
2011). The uneven participation of sectors may limit the potential for adaptation to be 
mainstreamed into local development and management policies (Shi et al. 2016).  
 Environmental planning has strong synergy with adaptation plans. Environmental 
strategies to protect stream buffers, green cities, and protect natural systems such as wetlands 
have adaptive value and decrease vulnerability. Many of the strategies in Chester’s adaptation 
plan leverage these synergies. The emphasis on the need to identify these types of win-win 
solutions, however, may lead to short-term priorities co-opting the adaption agenda (Shi, Chu, 
and Carmin 2015). Millard-Ball (2012) suggests that many climate change mitigation plans 
simply collate strategies that are already underway. Some communities have intentionally taken 
this approach when developing climate adaptation plans, by identifying and collating existing 
strategies across departments with adaption value they hope to initiate action and build support 
(Woodruff 2016). Overtime, they hope that this base can produce transformative change. Others 
argue that planners have an obligation to advocate for transformative adaptation interventions 
and should avoid ‘resilient’ projects that merely re-package development-as-usual (Anguelovski 
et al. 2016). 
In theory, the integration of climate change into municipal land-use planning has the 
potential to transform long-term development trajectories. In practice, however, climate 
considerations are often overtaken by local economic development priorities (Anguelovski et al. 
2016). In Chester, economic revitalization is the top priority and, consequently, land-use plans 
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simultaneously promote redevelopment in hazardous locations while also striving to reduce 
vulnerability. Strategies such as post-storm redevelopment planning may serve as an opportunity 
for Chester residents and decision-makers to reimagine their community, without the political 
pressure for economic development.  
The coarse measure of whether development occurs in hazardous locations, however, 
ignores the magnitude and nature of development and the potential advantages it provides to 
historically disadvantaged neighborhoods. Many plans analyzed in this study discuss the 
potential for redevelopment to improve sites by decreasing impervious surface, implementing 
green stormwater management approaches, and creating public spaces (Delaware County 2011; 
Delaware County Planning Department 2015). Moreover, redevelopment may provide new 
economic opportunities to low-income, minority neighborhoods. While development in hazard 
areas increases physical vulnerability it may decrease social and economic vulnerability. 
Ultimately, this raises the question: what is vulnerability? Emphasizing whether or not plans 
increase development in hazardous locations may underestimate the role of economic security in 
the ability of populations to prepare, respond, and recover to disasters. The Roadmap for 
Adapting to Coastal Risks argues that “economic resilience should be a primary driver for 
improving the area’s capacity for adapting to hazard and climate risks” (Delaware County 2011, 
32) To ameliorate social vulnerability, strategies must address underlying causes of vulnerability 
by improving access to infrastructure, public services, and economic opportunities among 
disadvantaged populations.  
This work also demonstrates the importance of regional organizations in supporting local 
climate adaptation. In Chester, regional organizations provided technical and financial capital to 
engage a disadvantaged community in adaptation planning that may not otherwise have 
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addressed climate change. Chester’s climate change adaptation plan grew out of a decade of 
climate research and planning at the regional level.  
To date, adaptation has largely been framed as a local issue based on the geographic 
specificity of climate impacts and vulnerabilities, and the influence of local governments on 
land-use planning and infrastructure investments (Bulkeley and Betsill 2013; Nalau, Preston, and 
Maloney 2015). Framing adaptation as solely a local issue, however, overlooks the multilevel 
and multi-scalar context of adaptation (Shi et al. 2016). Regional efforts may help ameliorate 
unequal levels of preparedness between large, wealthy cities that are planning for climate change 
and small, lower income cities that do not resources to prepare. There are a number of other 
benefits to regional adaptation efforts including the ability to better advocate for change at higher 
levels of government and address negative spill-over effects across municipal boundaries. 
Numerous examples of regional adaptation efforts have emerged across the globe and the U.S. 
(Bauer and Steurer 2014; Harman, Taylor, and Lane 2015; Vella et al. 2016). Additional research 
is needed on the benefits and costs of regional adaptation efforts (Oberlack 2016).  
Conclusion 
 The far-reaching impacts of climate change necessitate coordination across sectors and 
scales. To promote the coordination, adaptation planning emphasizes mainstreaming and win-
win adaptation strategies that advance broader community goals. Using content analysis and 
information system of plan methods, I analyzed the coordination of adaptation across multiple 
plans in the City of Chester, PA. Chester successfully created an adaptation program that 
extended and built on existing plans and programs. In particular, existing efforts to protect and 
enhance environmental resources support adaptation efforts. The adaptation plan, however, 
conflicts with revitalization efforts. The conflict between environmental and development goals 
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have long been recognized (Campbell 1996), but in the case of resilience these tradeoffs must be 
revisited. Revitalization in hazardous locations may improve environmental conditions of sites 
and provide new economic opportunities. Existing approaches to vulnerability assessment and 
adaptation planning often ignore these nuances. More careful analysis is necessary to consider 
the benefits of redevelopment and to better weigh the tradeoffs of economic investments in risky 
locations.   
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CHAPTER 5: CONCLUSION 
Summary 
 Adaptation planning promises to help communities prepare for climate change by guiding 
stakeholders through a process of identifying climate impacts, developing strategies, and 
integrating this information into decision making. The evaluation of 44 adaptation plans in the 
U.S., however, suggest that adaptation planning may be falling short of this promise. While 
adaptation plans include numerous strategies, they lack implementation details such as priorities, 
funding source, timelines, and responsibilities. Moreover, plans often fail to include objectives 
and evaluation criteria suggesting that they do not have a clear vision of what successful 
adaptation looks like. Analyzing the relationship between community characteristics and plan 
quality suggest that who is involved in the planning process and funding source are important 
determinants of plan quality. Engaging planners and elected officials in adaptation planning, may 
improve plan quality. Surprisingly, plans that received state funding are lower quality than plans 
that were funded through other means and had no funding at all. 
The evaluation also indicates a gap between the literature on uncertainty and practice. 
Interviews of stakeholders involved in adaptation planning indicate that adaptation plans do not 
fully reflect how uncertainty is managed in the planning process. Rather than focusing on climate 
projections in the vulnerability assessment, which may reinforce planning for one future, 
communities in which interviews were conducted focused on sensitivity and adaptive capacity. 
Interviewees also emphasized the importance of no-regrets strategies and an iterative adaptation 
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process. Institutional barriers are viewed as a major challenge for adopting uncertainty 
approaches. For robust strategies, flexible strategies, and other approaches to manage uncertainty 
to be more widely used, the deeply embedded practice of planning for one future must be 
overcome. 
While adaptation plans are undoubtedly important in reducing vulnerability to climate 
change, they are only one of many plans that affect a community’s vulnerability. Analyzing 
plans from multiple sectors and scales in the City of Chester, PA suggests that there are multiple 
synergies between adaptation and other plans. Plans from other sectors are beginning to integrate 
climate change information and adaptation strategies. Adaptation plans likewise build and extend 
existing actions to address climate change impacts. There are, however, missed opportunities. 
For example, trail creation and redevelopment are commonly discussed in other community 
plans and may have adaptation value but are not included in the adaptation plan. When strategies 
from multiple plans are mapped, a conflict between adaptation and community redevelopment 
goals becomes evident. Many of redevelopment strategies propose investments in hazardous 
areas potentially increasing vulnerability. 
Policy Implications 
This research significantly advances our understanding of climate change adaptation and 
has important implications for future adaptation planning. By identifying specific strengths and 
weaknesses of adaptation plans, this research can help practitioners learn from current planning 
processes and produce stronger plans in the future. Specifically: 
• Greater attention must be dedicated to considering the implementation of strategies. 
While it is encouraging that communities are using the full breadth of their authority and 
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recommending multiple strategies, in many cases it is unclear if or how strategies will be 
translated into action.  
• Adaptation plans written by planners are, on average, higher quality than other plans. 
This suggests that planners have important role in adaptation planning and should be 
engaged in, if not lead, adaptation planning.  
• Adaptation planning should also engage elected officials throughout the process since 
plans that are formally adopted by an elected body tend to be higher quality.  
• Rather than begin with climate projections, communities should consider starting 
adaptation planning by identifying critical systems and resources and then examining 
how they may be affected by climate change. 
• Focusing on no-regret, incremental adaptation may help build long-lasting adaptation 
programs and demonstrate how climate change is relevant across sectors.  
• Many existing strategies have adaptation value and can be a springboard to begin an 
adaptation program. 
• Adaptation and development may, at times, conflict. Development in hazardous areas 
cannot be avoided completely. Rather than ignore these conflicts, climate change 
consideration should be incorporated into site design to ensure investments last as long as 
intended.  
Similarly, this work benefits federal and state agencies as well as foundations, NGOs, and 
information-providers that support local adaptation by identifying gaps between existing 
adaptation guidance and practice. For example, my research on uncertainty suggests that 
information-providers should focus on helping communities identify their sensitivity rather than 
emphasizing climate projections.  
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Future Research  
To date, climate change adaptation in the U.S. has emphasized local action based on the 
geographic specificity of climate impacts and vulnerabilities, and local governments control over 
land-use planning. Unfortunately, local governments face multiple barriers that inhibit adaptation 
(Moser and Ekstrom 2010). Most notably, many communities do not have the funding, staff, or 
technical information necessary to respond to climate change (Carmin, Nadkarni, and Rhie 2012; 
Shi, Chu, and Carmin 2015). Consequently, local governments are turning to outside partners to 
access resources for adaptation planning (Nordgren, Stults, and Meerow 2016). In the evaluation 
of adaptation plans, it became clear many plans were enabled and shaped by local partnerships 
with international non-profits such as ICLEI-Local Governments for Sustainability that helped 
the first local adaptation plan in the U.S., federal programs like the EPA Climate Ready 
Estuaries, state agencies such as Maryland Department of the Environment that has sponsored 
three local adaptation plans, regional organizations like the Southeast Florida Regional Climate 
Change Compact. The importance of these partnerships was further highlighted in interviews and 
the analysis of the network of plans in Chester. 
Diffusion of information and ideas through networks is believed to have helped shape 
climate mitigation initiatives (Pitt 2010; Anguelovski and Carmin 2011; Ryan 2015) and may 
similarly influence adaptation efforts (Castán Broto and Bulkeley 2013). Local governments can 
access resources for adaptation planning, gain knowledge about their climate vulnerabilities and 
potential adaptation strategies, and develop political support for local action by developing 
partnerships with other governments and organizations (Vella et al. 2016; Fidelman et al. 2013; 
Bauer and Steurer 2014). Most of the previous literature on local climate adaptation, however, 
has treated local governments as isolated actors separate from larger complex governance 
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networks in which they are nested, and which shape and enable local decisions (Bulkeley and 
Betsill 2013; Nalau et al. 2015). In my future research, I hope to shift from focusing on 
individual plans to understanding these plans as an outcome of complex networks: 
 
1. What is the role of federal, state, and regional entities in supporting and improving local 
climate change adaptation planning? 
2. What actors are connected to each other within adaptation networks? What actors are at the 
center of adaptation networks? 
3. Do networks form within geographic regions or among cities that are geographically diverse 
but share other commonalities? 
4. How is the network position of local governments related to their plan quality? 
 
The emphasis on local adaptation may exacerbate existing disparities between large, high 
capacity communities that are able to plan for climate impacts and small, low capacity 
communities that do not have the resources to prepare (Shi et al. 2016). To address this spatial 
injustice, in my future research I hope to address: 
 
5. How can success of large, high-capacity communities be replicated in small, low-capacity 
communities? 
6. What is the most appropriate and effective scale for adaptation planning? 
 
My dissertation captures a single snapshot in time, but analysis overtime is necessary to identify 
how this growing field is progressing and, most importantly, the outcomes of adaptation plans: 
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7. Are adaptation plans being updated over time? If so, are they improving?  
8. Are adaptation plans being implemented? What factors are important in determining if plans 
are implemented? 
 
While my research has focused exclusively on stand-alone adaptation plans, there is growing 
movement towards integrating climate change adaptation into other planning initiatives (Friend 
et al. 2013). For example, a growing number of communities are integrating climate adaptation 
into sustainability plans. Exploring the content and quality of these plans will allow for a richer 
and more robust understanding of the relative strengths and weaknesses of different approaches 
to planning for climate change: 
 
9. How do adaptation components of other plans compare to stand-alone adaptation plans? 
Which approach leads to greater implementation? 
 
When I first started graduate school in 2011, adaptation planning was a nascent field. The first 
local adaptation plan had been published 4 years earlier and the existing literature was 
predominately theoretical. In the last six years, the field has grown tremendously. Devastating 
floods from heavy precipitation, extreme wildfires, and record-breaking droughts have captured 
national attention. While no single weather event can be attributed to climate change, these 
events force us to recognize that extreme weather is becoming more frequent and intense.  In 
response, more and more local governments are taking action to prepare. Federal, state, and 
regional governments as well as non-profits are seeking to support local government efforts. A 
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recent review of adaptation resources found that there are over 85 unique organizations 
providing adaptation resources 3565 adaptation-related services and tools (Nordgren, Stults, and 
Meerow 2016). The field is maturing from focusing on vulnerability assessments to identifying 
adaptation strategies and assessing implementation. As the field develops and grows, it is critical 
to reflect on existing plans to identify which approaches are most effective for creating more 
resilient local communities. 
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APPENDIX A: SUPPLEMENTARY MATERIAL 
In my article, I address two questions: 1) How do existing climate adaptation plans align 
with emerging principles of plan quality? 2) What community attributes are associated with high 
quality plans?  This supplementary material provides additional background and discussion. In 
addition, Appendix B includes all the variables and data sources for my multivariate analysis, 
and Appendix C is the protocol I used to analyze the plans in my sample.  
Plan Quality 
Across the United States, governments and nongovernmental organizations invest 
millions of dollars and countless hours in planning (Lyles and Stevens 2014). Due to this large 
investment, there is a growing interest in evaluating the quality of plans—documenting their 
content and evaluating their overall strengths and weaknesses in order to better inform practice 
(Berke and Godschalk 2009). Behind the call for plan quality evaluation is the idea that high-
quality plans better advance community goals than lower-quality plans (Stevens, Lyles, and 
Berke 2014). For example, high-quality plans have been found to decrease the cost of disasters 
more than lower-quality plans (Burby 2006), and Preston, Westaway, and Yuen (2010) argue 
that “the best method to ensuring robust adaptation is to ensure rigorous adaptation planning 
processes” (p. 426). 
Over the last two decades, researchers have used plan evaluation methodologies to 
evaluate plans from multiple domains, including hazard mitigation  (Lyles, Berke, and Smith 
2014), affordable housing (Hoch 2007), and sustainability planning (Schrock, Bassett, and Green 
2015). As the plan evaluation literature has grown, scholars have built a general consensus on the 
key principles of plan quality. In meta-analyses of plan evaluation studies, Berke and Godschalk 
(2009) and Lyles and Stevens (2014) identified six principles commonly used in plan evaluation: 
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1) goals, 2) fact base, 3) policies, 4) public participation in plan creation, 5) inter-organizational 
coordination, and 6) details regarding implementation and monitoring. These six principles are 
increasingly viewed as “standard” principles for plan evaluation and are considered to be 
applicable across planning domains and scales (e.g., local, regional, state; Lyles and Stevens 
2014).  
Goals are defined as future desired conditions that establish the breadth of a plan. Fact 
base identifies and prioritizes community issues, providing the empirical foundation on which 
strategies are based. Strategies provide a guide to decision making to ensure that plan goals are 
achieved. These first three plan quality principles are frequently referred to as direction-setting 
principles because, while every plan should include these principles, they will look different 
across planning domains (Berke et al. 2006). For example, the strategies identified in a 
transportation plan will not be the same as those identified in an adaptation plan. Consequently, 
the evaluation criteria for these principles are tailored to the specific domain being assessed. In 
contrast, the last three principles – public participation, coordination, and implementation and 
monitoring – do not differ significantly between planning domains. Whether a transportation or 
adaptation plan is being evaluated, the plan should provide a description of how the public was 
engaged in the planning process (public participation), how other organizations and government 
agencies contributed to the planning process (coordination), and how the plan will be 
implemented and monitored in the future (implementation and monitoring). 
The six standard plan principles correspond to the rational model of the planning process 
whereby planners are thought to review existing and future conditions, formulate goals, identify 
potential strategies to achieve goals, and select the optimal set of strategies for implementation 
(Lyles and Stevens 2014). To a large extent, the adaptation planning process proposed in 
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guidance produced by federal, state, and non-governmental organizations follows the rational 
planning model. For example, California’s Adaptation Planning Guide (CEMA 2012) proposes 
nine steps in the adaptation planning process: identifying 1) exposure, 2) sensitivity, 3) potential 
impacts, 4) adaptive capacity, 5) risk and time of onset, and 6) prioritizing adaptation needs, 7) 
identifying strategies, 8) evaluating and prioritizing potential strategies, and 9) determining the 
implementation for selected strategies. The first five steps correspond to the rational model steps 
of reviewing existing and future conditions as well as to the fact base plan principle. The last 
four steps align with the rational model steps of identification and strategy selection. 
The steps in California’s adaptation planning process that fall under the fact base 
principle demonstrate how adaptation planning differs from other planning domains.  Adaptation 
guidance literature emphasizes detailed, science-based analysis of projected changes in climate 
(exposure), as well as the consequences for the community, through the completion of a 
vulnerability or risk assessment.  Because climate change is projected to have broad impacts that 
affect many government sectors, existing adaptation guidance proposes many different types of 
strategies. For example, California’s Adaptation Guide (CEMA 2012) recommends strategies 
ranging from “Develop a water recycling program” (p. 7) to “Promote economic diversity” (p. 
8). While most adaptation strategies are not new actions, the breadth of strategies that should be 
included in an adaptation plan is unique among planning domains, with the possible exception of 
sustainability planning.  
In addition to the six plan principles commonly used in plan evaluation studies, efforts to 
prepare for climate change impacts must address uncertainty (Berke and Lyles 2013; 
Chakraborty et al. 2011; Haasnoot et al. 2013). Multiple sources of uncertainty, from modeling 
global climate to estimating the cost of local adaptation options, create a “cascade” of 
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uncertainty (Dow and Carbone 2007) that can be a challenge for local adaptation planning 
(Hallegatte 2009; Moser 2005). Planning researchers argue that adaptation planning requires a 
break from the traditional “predict and plan” paradigm and should embrace new approaches that 
enable discovering, assessing, and addressing uncertainty (Berke and Lyles 2013; Munaretto, 
Siciliano, and Turvani 2014). For example, Quay (2010) promotes anticipatory governance, a 
“model of decision making under high uncertainty based on concepts of foresight and flexibility, 
[that] uses a wide range of possible futures to anticipate adaptation strategies, and then monitors 
change and uses these strategies to guide decision making” (p. 496). Similarly, adaptation 
guidance emphasizes the need to consider multiple futures and emphasizes strategies that provide 
benefits across a number of potential scenarios (CEMA 2012; ICLEI 2007). 
To date, plan evaluation studies have not incorporated new approaches of planning under 
high uncertainty (Berke et al. 2015; Lyles and Stevens 2014). In my analysis I have included the 
concept of uncertainty as a core plan principle, which allows me to extend the plan evaluation 
literature and explicitly measure the extent to which adaptation plans incorporate new planning 
approaches (Appendix C).   
Typically, researchers use content analysis, which involves “a systematic reading of a 
body of texts, images, and symbolic matter,” (Krippendorff 2013) to score plans on the degree to 
which they adhere to criteria associated with the various plan quality principles. Using this 
method, researchers develop a coding protocol that includes metrics corresponding to each 
planning principle. For example, in a recent evaluation of official community plans in British 
Columbia, Canada, Stevens (2013) includes the metric “Are organizations and individuals that 
were involved in plan preparation identified?” in the public participation principle. If the plan 
does identify who was involved in plan preparation, it receives a score of 1; otherwise it receives 
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a score of 0. Assessing the presence/absence of criteria allows the conversion of text to a 
quantitative measurement of plan quality, which eases comparisons between plans and allows for 
statistical analyses. The aim of this coding procedure is to draw inferences from plans that are 
both replicable and valid (Stevens, Lyles, and Berke 2014).  
Climate Adaptation Planning 
To date, few studies have used content analysis to evaluate local climate adaptation plans. 
Preston, Westaway, and Yuen (2010) evaluated 57 adaptation plans from a range of geopolitical 
scales in Australia, the United Kingdom, and the United States against 19 process-based 
evaluation criteria based on a Logic Framework approach and adaptation guidance materials. 
Their results indicate that adaptation plan quality is highly variable: plans scored between 16% 
and 61% of possible points. Overall, however, adaptation plans were relatively weak, scoring on 
average 37% (Preston, Westaway, and Yuen 2010). Baker et al. (2012) analyzed seven local 
adaptation plans in Southeast Queensland, Australia, with similar results. The plans included in 
these samples exhibited high awareness of climate issues and had strong scores on assessment of 
climate drivers and impacts (Preston, Westaway, and Yuen 2010; Baker et al. 2012). They did 
not, however, include a complete analysis of local conditions such as non-climatic drivers, key 
financial and natural resources/capital, or existing adaptive capacities that will help the 
communities prepare for future climatic impacts. In addition, few plans provided objectives or 
success criteria to measure progress, and most failed to include details about implementation 
(Preston, Westaway, and Yuen 2010; Baker et al. 2012).  
While these studies provide a foundational understanding of adaptation plan content and 
quality, they fail to integrate the methodologies and lessons learned from the long history of plan 
evaluation. Preston, Westaway, and Yuen (2010) use a Logic Framework Analysis (LFA) 
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approach in their assessment, which evaluates the relationship of program goals to the activities 
identified to achieve those goals, the inputs required to undertake those activities, and the outputs 
that emerge. Using this framework, Preston, Westaway, and Yuen (2010) define four stages of 
adaptation planning: (1) goal setting, (2) stock-taking, (3) decision-making, and (4) 
implementation and evaluation. While these four stages overlap with the principles of plan 
quality, it is extremely challenging to place the results of Preston and colleagues within the larger 
plan evaluation landscape due to the lack of comparability between their evaluation criteria and 
those used in other plan evaluation approaches.   
Moreover, the evaluation criteria used by Preston, Westaway, and Yuen (2010) are 
skewed towards fact base, with little attention given to other important planning principles; eight 
of the 19 criteria measure how well plans assess capital, climate drivers, and impacts. Only one 
criterion is dedicated to public participation and goals. As a result, these important principles, 
which are typically given equal weight to the other principles in plan evaluation studies, 
represent only approximately 5% of the plan quality measured by Preston, Westaway, and Yuen 
(2010). Because the authors do not use plan principles to organize their evaluation metrics, their 
results cannot be used to examine how well adaptation plans follow established planning 
practices such as goal setting, public participation, and inter-organizational coordination. This 
omission also means that we are unable to compare the quality of adaptation plans to the quality 
of other planning domains such as hazard mitigation.  
Baker et al. (2012) also use distinct evaluation criteria that inhibit comparison of their 
findings to those of other plan evaluation studies. For their analysis, Baker and colleagues 
created a set of desirable outcome goals and scored plans 0-4 on how well they aligned with 
these outcome goals. For example, one criterion used by the authors is “the impacts of flooding 
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are minimized or avoided.” Plans were also rated on a scale of 0-4 (low to high) representing 
how well they performed on five plan principle concepts, including the inclusion of 1) an 
information base; 2) vision, goals and objectives; 3) options and priorities; 4) actions; and 5) 
implementation and monitoring. Because Baker et al. (2012) do not specify the metrics they used 
to assign scores for each of the principles, it is unclear exactly what these scores represent and is 
challenging to compare their results to those of other studies.  
 Additionally, both of these previous studies used broad evaluation criteria that lack 
sufficient detail to identify specific strengths and weaknesses of plans. For example, Preston, 
Westaway, and Yuen (2010) include a single code for “articulation of objectives, goals and 
priorities.” This approach groups together four distinct concepts: a vision statement, goals, 
objectives, and prioritization. Separating these concepts into different codes is necessary to gain 
the specific knowledge required to understand and improve local adaptation plans and planning 
processes.  
A number of researchers have called for more detailed analyses of local climate 
adaptation planning processes and associated planning documents (Engle 2011; Measham et al. 
2011). No existing studies provide a complete analysis of the local stand-alone climate 
adaptation plan landscape in the U.S. Preston, Westaway, and Yuen (2010) analyze only nine 
local adaptation plans from the U.S., all written before 2009, and Baker et al. (2012) include no 
plans from the U.S. With the recent growth of local adaptation plans in the U.S. and a need to 
understand how U.S. local planning compares to planning emerging in other developed as well 
as developing countries, a new evaluation that integrates methods from the plan evaluation 
literature is necessary to place adaptation plans within the larger planning landscape, to compare 
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adaptation planning to planning in other domains, and to identify how the current adaptation 
planning process could be improved.  
Explaining Variation in Plan Quality 
In addition to measuring plan quality, many plan evaluation studies explore why some 
plans are of higher quality than others (Lyles and Stevens 2014; Berke et al. 2015; Tang et al. 
2010). In the adaptation field, a substantial academic literature has developed describing 
adaptation processes and barriers (Amundsen, Berglund, and Westkog 2010; Eisenack et al. 
2014; Moser and Ekstrom 2010). This research, however, has predominately focused on 
providing rich descriptions of adaptation pathways of an individual city or small sets of cities 
(Burch 2010; Carmin, Anguelovski, and Roberts 2012). Few studies have attempted to use 
quantitative methods to test theories related to why plan quality varies on a larger scale (Castán 
Broto and Bulkeley 2013). Drawing on past plan quality and local climate adaptation research, I 
created four conceptual models that may affect the quality of local adaptation plans: capacity, 
commitment, policy diffusion, and internal drivers.  
Capacity 
Theoretically, communities that have more capacity, defined as resources available to 
dedicate to planning, would produce better plans (Brody, Kang, and Bernhardt 2010). Capacity, 
however, represents only the potential to create a high-quality plan. High capacity does not 
guarantee the development of a strong plan, nor do deficiencies in resources necessarily preclude 
it (Baker et al. 2012; Burch 2010; Conroy and Berke 2004).  
Capacity has garnered significant attention as a precursor for adaptation (Burch 2010; 
Moser and Ekstrom 2010; Adger, Arnell, and Tompkins 2005). Pursuing adaptation requires 
financial resources to support staff time, acquire technical expertise, build networks, and 
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promote outreach (Carmin, Nadkarni, and Rhie 2012). Inadequate resources are the barrier to 
adaptation most commonly cited by practitioners (Moser and Ekstrom 2010; Carmin, Nadkarni 
and Rhie 2012). In a survey of ICLEI-member cities in the U.S., approximately 90% of 
participants indicated that securing funding was a major challenge to their adaptation-related 
efforts (Carmin, Nadkarni and Rhie 2012).  
Variables to operationalize capacity such as the presence of funding to create a plan, 
access to data, provision of technical assistance, and community wealth are commonly included 
in plan quality studies (Schrock, Bassett, and Green 2015; Tang et al. 2010). These studies also 
consistently find that state mandates, which build capacity by requiring localities to go through 
the planning process, are associated with higher plan quality (Berke 1996; Dalton and Burby 
1994; Dalton and Burby 1994). By participating in comprehensive planning, a wide range of 
local officials can gain knowledge of the planning process and can exchange information, 
recognize shared goals, and build trust (Lyles, Berke, and Smith 2014). These benefits have been 
found to translate to stronger hazard mitigation plans and flood control efforts (Lyles, Berke, and 
Smith 2014; Baker et al. 2012) and, I theorize, will also positively influence adaptation plan 
quality. Given this theoretical grounding, I include the presence of funding, the local municipal 
operating budget, per capita household income, the presence of state planning mandates, and the 
presence of state hazard mitigation planning mandates in my capacity model.  
Commitment 
Commitment describes a local government’s dedication to an issue, and lack of 
commitment is often noted as a major impediment to risk reduction (Burby 2006) and climate 
adaptation efforts (Eisenack et  al. 2914). Hazard mitigation, for example, tends to receive little 
commitment even when local governments would benefit and have the capacity to implement 
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risk reduction measures – a situation Burby (2006) terms “the local government paradox.” 
Similarly, local governments often find that they are unable to gain widespread public interest 
and engagement in climate-related issues (Anguelovski and Carmin 2011). Public awareness of 
climate change and perception of the risk generally influence public support for climate change 
policy (Weber 2010) and may be important variables in understanding local government 
commitment to adaptation (Tang et al. 2010).  
Disasters are often framed as "focusing events" that can be used to increase public 
awareness and government support for preparedness action, at least temporarily. Even though the 
science of attributing specific extreme events to climate change is still emerging, disaster 
experience frequently sparks climate adaptation planning efforts (Anguelovski and Carmin 2011; 
Baynham and Stevens 2014). Firsthand experience with disasters can transform perceptions of 
climate change from a temporally and spatially remote risk to one that is immediate and personal 
(Weber 2010). For example, in Durban, South Africa, climate adaptation efforts gained wide 
support only after flooding and tornadoes increased awareness and created a sense of urgency 
(Carmin, Anguelovski, and Roberts 2012). Plan quality studies have consistently found that 
disaster experience is significantly and positively correlated with hazard mitigation plan quality 
(Hallegatte 2009;  Berke et al. 2015).  
Previous climate change and hazard mitigation activities may also indicate local 
government support for adaptation. In an evaluation of climate change planning in British 
Columbia, Canada, researchers found that governments with stronger climate change adaptation 
plans had demonstrated previous commitment to climate mitigation action (Baynham and 
Stevens). Adaptation frequently grows from similar institutional and political roots as mitigation 
(Adger et al. 2009; Burch 2010), thus previous mitigation activities and involvement in climate 
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networks may indicate commitment to climate adaptation. Similarly, hazard mitigation activities 
may indicate a community’s commitment to addressing long-term risk and indicate support for 
climate adaptation. I include in my commitment model county-level data on the public’s concern 
about climate change, the presence of a climate mitigation plan, whether a community is a 
signatory of the U.S. Mayors Climate Protection Agreement, whether the community is a 
signatory of the Resilient Communities for America pledge, whether the community participates 
in the Community Rating System, whether the plan has been formally adopted by a local elected 
body, and previous presidentially declared disasters.  
Policy Diffusion 
Policy diffusion refers to the movement of ideas or actions across jurisdictional lines, 
often through friendly competition or community networks. Diffusion of information and ideas 
through professional associations is believed to have helped shape climate mitigation initiatives 
(Anguelovski and Carmin 2011; Pitt 2010; Ryan 2015) and may similarly influence adaptation 
efforts (Castán Broto and Bulkeley 2013). In particular, membership organizations such as 
ICLEI-Local Governments for Sustainability (ICLEI) and the Urban Sustainability Directors 
Network (USDN) provide opportunities for municipalities to share lessons learned and 
promising practices with their peers, which may stimulate more innovation and overall climate 
action. In addition, the year of plan publication has also been found to influence the quality of 
local plans, presumably because plans published later build on and benefit from lessons learned 
from earlier planning efforts (Lyles, Berke, and Smith 2014; Schrock, Bassett, and Green 2015). 
Given these factors, I included the year of plan publication, the presence of a state adaptation 
plan, and membership in ICLEI and USDN in my policy diffusion model.  
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Internal Operations 
The fourth model I test is an internal operations model, which includes plan author 
(taskforce, environmental department/organization, or planning department/organization) and 
source of funding (federal, state, or nongovernmental). Authorship, and the involvement of 
planners specifically, is known to influence hazard mitigation and adaptation plan quality (Lyles, 
Berke, and Smith 2014; Baker et al. 2012). While previous studies have not included funding 
source, I theorize that different funders have different priorities and requirements for the 
planning process, which leads to plans of varying quality.  
Most of these conceptual models have been tested in hazard, comprehensive, and climate 
mitigation (also known as climate action) plan quality studies, but they have yet to be evaluated 
in the context of climate adaptation plans. Given these omissions, a more detailed look at U.S. 
local climate adaptation planning is needed in order to understand what variables, if any, help 
explain why some communities create stronger plans than others (Engle 2011; Measham et al. 
2011).  
Discussion of Results 
I use content analysis to evaluate 44 local adaptation plans in the United States and 
multivariate regression to examine the association between plan quality and local capacity, 
commitment, internal operations, and policy diffusion. I find that existing plans have strong fact 
bases, drawing upon multiple data sources to project future climate exposure and analyze 
impacts, as well as strong policy frameworks that include a breadth of strategies. Plans, however, 
fail to prioritize impacts and strategies and generally have weak implementation and monitoring 
components. In addition, most plans fail to use planning approaches to manage uncertainty. 
These omissions raise concerns about whether adaptation plans will translate into on-the-ground 
	 118 
projects that increase a community’s resilience. My analysis also indicates that communities 
where the planning department led the plan creation process or the plan was formally adopted by 
an elected body had higher scoring plans. I additionally find that communities that received state 
funding produced lower quality plans.  
Below I discuss these results in more detail. First, I expand on adaptation plan quality 
providing additional examples and comparing my results to the literature; in particular, I focus 
on plans’ treatment of uncertainty. I then compare the quality of adaptation plans in my sample 
to plans in other domains (e.g. hazard mitigation, comprehensive planning). Finally, I summarize 
the results of the multivariate regression and explore potential explanations of the negative 
relationships between plan quality principles and state funding, USDN membership, and 
household income.	
Adaptation Plan Quality 
Plans in my sample scored highest in the strategies and fact base principles mostly due to 
their inclusion of a wide diversity of strategy types. This finding starkly contrasts Baker and 
colleagues (2012) conclusion that local governments have not developed specific adaptation 
actions. The high score on the strategies principle in my study suggests that U.S. local 
communities may be ‘hedging their bets’ against future climate impacts by including a variety of 
adaptation options in their plans. Other than one plan that did not include any strategies, all plans 
proposed at least five of the fifteen types of strategies coded in my analysis. Conversely, these 
plans rarely include details about co-benefits and the costs associated with implementing 
identified adaptation strategies. For example, Austin, TX’s plan (Toward a Climate Resilient 
Austin) includes 11 of the 15 different types of strategies included in my analysis, but it includes 
none of the metrics related to co-benefits, costs, and priorities.  
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The lack of implementation details suggests that the actions proposed in adaptation plans 
may not easily be translated into on-the-ground projects. This may in part reflect differing plan 
purposes (Preston, Westaway, and Yuen 2010), since several of the plans in my sample appear to 
be preliminary strategy documents or consultation papers that provide an initial review of a 
community’s vulnerability with little discussion of appropriate adaptation strategies (Bassett and 
Shandas 2010). 
Plans also draw on multiple data sources and have strong analysis of future climate 
exposure and potential impacts to community infrastructure, the economy, natural systems, 
public health, and cultural assets. Few plans, however, provide details about where impacts to 
these systems will occur. For example, only one plan in the sample included maps or detailed 
identification of the location of potential health impacts associated with climate change (the 
Confederated Salish and Kootenai Tribes’ Climate Change Strategic Plan). Similar to Preston, 
Westaway, and Yuen’s (2010) analysis, plans in my sample did a poor job of prioritizing 
impacts, providing detailed analysis about where impacts will occur, and discussing how non-
climatic drivers, existing social, economic, and financial capacities, and underlying causes of 
vulnerability will impact future vulnerability. In contrast to Preston, Westaway, and Yuen 
(2010), however, many plans in my sample provided detailed and rigorous climate analyses, 
often through considering multiple climate scenarios. This suggests that the delivery of useable 
climate information to local stakeholders may have improved over time.  
 Another troubling finding from my analysis that was shared in work by Baker et al. 
(2012) and Preston, Westaway, and Yuen (2010) is a lack of prioritized impacts and adaptation 
strategies, combined with weak implementation and monitoring components. These omissions 
raise serious concerns about whether adaptation plans will translate into on-the-ground projects. 
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This concern is further compounded by the dearth of evaluation metrics included in plans: plans 
in my sample consistently failed to provide tangible objectives or evaluation metrics by which to 
measure progress. Only half of the plans in my sample include goals and only 17% include 
objectives. No plans include quantifiable objectives for each goal. Similarly, only 15% of the 
plans provide metrics by which to measure strategy implementation.  
The concept of uncertainty has been widely recognized as a major barrier to adaptation 
planning and significant attention has been dedicated to developing new and refining existing 
planning approaches to address uncertainty such as scenario planning, robust and flexible 
strategies, and adaptive management. While most plans in my sample recognize uncertainty as a 
challenge for adaptation planning (75%) and many demonstrate awareness of planning 
approaches that account for uncertainty, very few actually employ these approaches. The failure 
to address uncertainty in the plan may make implementation more difficult and limit the 
effectiveness of proposed strategies. 
One of the most commonly touted approaches to addressing uncertainty is the use of 
scenario planning. Unfortunately, no plan in my sample undertook structured scenario planning 
exercises. Only one plan developed local scenarios to consider the opportunities, constraints, and 
trade-offs of different growth patterns (Lafourche Parish, LA’s The Lafourche Parish 
Comprehensive Resiliency Plan). Several plans used different disaster and climate scenarios to 
solicit input about vulnerabilities and priorities from stakeholders (Baltimore, MD’s Disaster 
Preparedness and Planning Project), but, most commonly, only one greenhouse gas emission 
scenario was used as a basis for strategy selection. This finding seems to suggest that plans in my 
sample are not using techniques to address uncertainty in their planning processes. Focusing on a 
single scenario when selecting strategies, suggests that the flexibility and performance of 
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strategies across multiple scenarios is not considered in the planning process. Indeed, plans 
rarely discuss the potential of flexible and robust strategies as a tool to manage uncertainty. 
Whether or not this equates to the selection of strategies that are inadequate for uncertain future 
conditions, however, remains unclear. More research is needed to specifically understand if the 
lack of techniques to manage uncertainty in the planning process is leading to the selection of 
insufficient or maladaptive adaptation strategies.   
The adaptation literature also emphasizes learning by continuously monitoring indicators 
and scientific evidence in order to update plans and policies in real time (Abunnasr, Hamin, and 
Brabec (2013). While 43% of plans mention adaptive management, only 18% establish a process 
to incorporate new information from experience, monitoring, and science into decision-making. 
Plans that mention adaptive management typically reference the need for an iterative process to 
incorporate new knowledge. The lack of evaluation metrics and methods, as well as the absence 
of objectives, however, raises questions about how communities will identify successful 
strategies or learn from their experiences. Several communities in my sample are in the process 
of updating their adaptation plans, so tracking the change in plans overtime could illuminate if 
communities are learning from implementation experience and incorporating new scientific 
evidence. 
Comparison to Other Planning Domains 
Although it is difficult to compare scores across plan evaluation studies because of 
differing coding protocols and methodologies, my results show a unique pattern on plan principle 
scores. In a meta-analysis of 16 plan evaluation studies published between 1997 and 2007, Berke 
and Godschalk (2009) found that plans scored relatively low in goals, fact base, and strategies, as 
compared to organizational coordination, implementation, and monitoring. In contrast, the 
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adaptation plans in my sample scored well in the fact base and strategies principles but were 
much weaker in implementation and monitoring. My plan principle scores, ranging from 28 to 
62% of possible points, are comparable to studies included in Berke and Godschalk’s (2009) 
meta-analysis, which produced scores ranging from 3 to 91%.	
Multivariate Regression 
Using multivariate regression I explored the relationship between community capacity, 
commitment, policy diffusion, and internal operations and plan quality. Three variables are 
significantly correlated with plan quality: 1) formal adoption of the adaptation plan; 2) whether 
the plan was written by the planning department; and 3) whether a plan received state funding. 
State funding decreased plan quality, while the other two variables had a positive relationship 
with plan quality.  
Regression analyses with the seven plan principles as the dependent variable demonstrate 
that community variables do not uniformly influence plan principles and also highlights 
additional community variables that may influence the planning process and the quality of plans. 
Specifically, counter to my hypotheses, median household income has a significant negative 
relationship with inter-organizational coordination (b = -0.000007, t = -3.81, p < 0.001), and 
communities that were members of the Urban Sustainability Directors Network (USDN) were 
found to have significantly lower scores on the strategies principle (b = -0.13, t = -2.21, p < 0.05) 
than non-members. Below I explore potential explanations of these relationships. 
State Funding 
The negative relationship between state funding and plan quality may, in part, be due to 
states selectively funding communities that are particularly vulnerable to climate change impacts. 
For example, Maryland funded four local adaptation plans, all in counties extremely vulnerable 
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to sea level rise: about 60% of Dorchester County lies in the 100-year floodplain and many 
properties and roads are flooded during spring high tides and in Somerset County 58% of the 
land area and 44% of the structures are within the 100-year floodplain. The State of New 
Hampshire funded two local plans in my sample: Seabrook, which has experienced nine 
presidential disaster declarations in the last ten years, and Durham, which has experienced seven. 
Extremely vulnerable communities may engage in adaptation planning but lack the capacity, 
even with state funding, to produce high quality plans. For example, a community extremely 
vulnerable to sea level rise, but with an extremely small planning department, may receive state 
support to create a plan but lack the technical knowledge, time, or staffing capacity needed to 
provide a strong and contextually relevant plan. State funded plans may focus more on 
identifying vulnerabilities to start the adaptation process, but fail to engage community members 
and organizations in the plan creation, thereby leading to lower plan quality scores. If true, this 
suggests that additional measures of vulnerability are needed in future analyses, since different 
types of vulnerability may directly affect plan quality.  
State-funded plans may also be driven by state interests and, consequently, fail to develop 
meaningful local participation or buy-in. For example, State’s may strongly encourage grantees 
to emphasize certain topics or use specific data in their analyses, thereby coloring the local 
adaptation planning process. The extent to which this is true, however, is unclear. As such, 
additional research is needed to explore the role of funders in the planning process. Although I 
did not measure these factors directly, other forms of state support of local adaptation, such as 
providing technical data and planning guidance, likely enhance local adaptation efforts.  
USDN membership 
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Initially I thought USDN members might score lower on the strategies principle because 
they produce more focused plans that include a smaller set of well-supported strategies, but 
additional analysis shows that USDN members tend to include fewer types of strategies and less 
discussion of co-benefits, costs, and priorities in their adaptation plans (although these 
differences are not significant). One possible explanation is that USDN members may focus on 
mainstreaming or embedding climate adaptation into other community plans such as hazard 
mitigation and sustainability plans. If true, this may mean that adaptation plans in these 
communities are designed to document the community’s vulnerability and adaptation priorities, 
as opposed to being stand-alone plans for adaptation action.  Again, as (Preston, Westaway, and 
Yuen 2010) suggest, strategy scores likely reflect the plan purpose since adaptation “plans” may 
act as preliminary strategy documents or consultation papers. More work is needed, however, to 
understand whether this hypothesis is true.   
Household Income 
 In previous studies of plan quality, household income has been used as a proxy for 
community capacity. In my analysis, household income has a negative relationship with plan 
quality, suggesting that community wealth and a larger tax base does not necessarily translate 
into higher quality plans. One possible explanation for this negative relationship is that 
communities with greater wealth are those that have a higher adaptive capacity, or a higher 
ability to adapt to climate-related impacts. In these communities, the impetus for holistic 
adaptation planning might be weaker than in more resource-constrained communities where 
climate-related vulnerabilities are pervasive. More research is needed, however, to see if this 
hypothesis hold. 
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	APPENDIX B: VARIABLES FOR MULTIVARIATE ANALYSIS  
Table 1: Full list of variables included in multivariate analysis of plan quality. 
VARIABLE VARIABLE OPERATION SOURCE 
CAPACITY MODEL  
Funding Did the community receive outside funding to create the plan? 0 for 
no; 1 for yes 
Each adaptation plan 
Budget Log base 10 of community operating budget for fiscal year 2014 Each local government’s website 
Household income 2009-2013 median household income  American Community Survey 
Hazard mitigation 
mandate 
Is the community located in a state with a hazard mitigation 
planning mandate? 0 for no; 1 for yes 
American Planning Association (http://www.slideshare.net/ibhs/summary-
of-state-land-use-planning-laws) 
Comprehensive plan 
mandate 
Is the community located in a state with a comprehensive planning 
mandate? 0 for no; 1 for yes 
American Planning Association (http://www.slideshare.net/ibhs/summary-
of-state-land-use-planning-laws) 
COMMITMENT MODEL  
Adoption Was the adaptation plan formally adopted by an elected body? 0 for 
no; 1 for yes 
Each adaptation plan and local government’s website  
Public perception Percent of county population that is worried about climate change Yale Project on Climate Change Communication and the George Mason 
Center for Climate Change Communication 
http://environment.yale.edu/poe/v2014/ (for details, see Howe et al. 2015)  
Disaster experience Number of presidentially declared disasters in county from 2004-
2014 
FEMA Disaster Declaration website 
ICLEI Is the community a member of ICLEI-Local Governments for 
Sustainability, USA? 0 for no; 1 for yes 
ICLEI USA’s membership department 
Climate Protection 
Agreement  
Is the community a signatory of the U.S. Mayors Climate 
Protection Agreement?  0 for no; 1 for yes 
U.S. Mayors Climate Protection Agreement signatory list (website) 
Resilient 
Communities  
Is the community a signatory of the Resilient Communities for 
America pledge? 0 for no; 1 for yes 
Resilient Communities for America signatory list (website) 
CRS Does the community participate in FEMA’s Community Rating 
System? 0 for no; 1 for yes 
Fema’s community rating system (crs) communities and their classes list 
POLICY DIFFUSION MODEL  
Year Year that the plan was published Each adaptation plan 
State adaptation plan Is the community located in a state with an adaptation plan? 0 for 
no; 1 for yes 
Georgetown Climate Center’s State and Local Adaptation Plan Map 
ICLEI Is the community a member of ICLEI-Local Governments for 
Sustainability, USA? 0 for no; 1 for yes 
ICLEI USA’s membership department 
USDN Is the community a member of the Urban Sustainability Directors 
Network (USDN)? 0 for no; 1 for yes 
USDN Website 
INTERNAL PROCESS MODEL  
Plan author Organization responsible for writing the plan. Dummy variable for 
external, internal taskforce, environmental department, and 
Each adaptation plan; emails to local government if author was uncertain 
	planning department 
Source of funding Source of outside funding to create the plan. Dummy variable for 
federal, state, or non-governmental organization funding 
Each adaptation plan 
* Less confidence is placed in data collected directly from plans, since information may be omitted from the plan. When I was uncertain about data collected from plans, I 
reached out to the community for clarification. I also have less confidence in demographic data for tribal communities, since this information is estimated through different 
procedures. Finally, it is important to note that demographic and financial data is provided for the most recent year available and does not necessarily correspond to when 
the plan was written.  
	APPENDIX C: CODING PROTOCOL 
Table 2: Criteria included in the seven plan quality principles, descriptions of the criteria, the percentage of plans that included 
each criterion, and the inter-coder reliability score and Krippendorf’s alpha (in parentheses) for each criterion  
	
  Criterion Description % Plans 
Reliability 
% 
agreement 
(Krippendor
f alpha) 
A ARTICULATION OF PURPOSE, GOALS, AND OBJECTIVES     
A1 Plan purpose States the purpose of the plan. 80% 70% (0.313) 
A2 Vision statement Includes a vision statement, which establishes an overall image of a desired future (Berke et al. 2006). 23% 84% (0.567) 
A3 Define resilience, adaptation, or preparedness  Defines resilience, adaptation or preparedness. 68% 86% (0.709) 
A4 Goals 
Includes goals, which are outcomes that the community aspires towards. Goals are usually 
expressed in adjectives and nouns (not verbs) and are not quantified (Berke et al. 2006). Goals 
reflect public values and express future desired conditions (Berke and Godschalk 2009). 
50% 79% (0.595) 
A5 Objectives Includes objectives, which are tangible, measurable outcomes leading to the achievement of a goal (Berke et al. 2006). 16% 72% (0.171) 
A6 Objectives detailed Includes quantifiable objectives for each goal (e.g., reduce heat-related mortality by 1,000 by 2020; must have objectives for each goal). 0% 97% (0) 
B PUBLIC PARTICIPATION     
B1 Planning process Describes the process undertaken to create the plan. 61% 84% (0.681) 
B2 Plan preparation involvement Describes the stakeholders involved in plan preparation. 66% 79% (0.569) 
B3 Plan preparation involvement detailed 
Includes detailed description of organizations and individuals involved in plan preparation. 
Description must include number of stakeholders and the general categories of stakeholders 
(e.g. residents, companies, non-profits, governmental agencies). 
43% 65% (.261) 
B4 Representative stakeholders 
Mentions how stakeholders who were involved represent all the groups affected by proposed 
policies or how the planning process sought to engage disadvantaged populations. 
Disadvantaged populations are those that may not traditionally be included in the planning 
process and may be adversely affected by climate change, such as the poor, elderly, or those 
for whom English is a second language. 
11% 93% (0.629) 
B5 Participation techniques Mentions participation techniques used to create the plan, such as meetings, surveys, charettes, public comments on drafts, etc. 61% 79% (0.594) 
B6 Participation techniques detailed 
Describes participation techniques with details about each method including number of 
participants, main topics covered, and activities used to elicit input. 27% 70% (0.196) 
B7 Public meetings States that meetings were used to engage stakeholders and that these meetings were open to the public. 50% 86% (0.725) 
	B8 Planning or steering committee  States that a steering committee or advisory committee was used to guide plan creation. 59% 72% (0.461) 
B9 Public participation maintenance Discusses how public engagement will continue in plan maintenance/evaluation. 16% 81% (0.448) 
C COORDINATION       
C1 Local university States that local universities were engaged in the planning process. 57% 82% (0.64) 
C2 Federal agencies States that federal agencies were engaged in the planning process. 41% 84% (0.655) 
C3 State agencies States that state agencies were engaged in the planning process. 34% 84% (0.63) 
C4 Nonprofits States that nonprofits were engaged in the planning process. 39% 84% (0.63) 
C5 Businesses  States that businesses were engaged in the planning process. 30% 91% (0.76) 
C6 Neighboring jurisdictions 
States that neighboring jurisdictions were given the opportunity to participate in the planning 
process. Neighboring jurisdictions include regional planning organizations and counties as well 
as other cities, towns, or villages. 
30% 82% (0.521) 
C7 Internal support Describes agency support and involvement from within the local government. 68% 75% (0.484) 
C8 Detailed internal support Includes detailed description of agency support and involvement. Must describe responsibilities or demonstrate agency support for the planning process.  18% 79% (0.285) 
C9 Elected official engagement Mentions involvement of elected official(s) in the planning process. 16% 84% (0.444) 
D FACT BASE     
D1 Data collection Provides information about the type of data collected and analyzed in order to make the plan. 66% 79% (0.59) 
D2 National studies States that national studies were used to inform the plan. Studies may include climate, demographics, economic projections, etc. 66% 73% (0.451) 
D3 Regional studies States that regional studies were used to inform the plan. Studies may include climate, demographics, economic projections, etc. 89% 77% (0.31) 
D4 International studies States that international studies were used to inform the plan. Studies may include climate, demographics, economic projections, etc. 70% 82% (0.568) 
D5 Local knowledge  States that local, indigenous, or traditional knowledge was used to inform the plan.  86% 63.6 (0.136) 
D6 Existing impacts Identifies ways that climate change or changing weather conditions are already affecting the community. 61% 66% (0.261) 
D7 Existing conditions Discusses existing social, economic, environmental, or built infrastructure conditions that could lead to enhanced vulnerability in the future.  86% 75% (0.27) 
D8 Existing actions Identifies actions and plans that are in progress or planned that have adaptation value. Actions do not need to be specifically designed to address climate change. 80% 79% (0.443) 
D9 Historic changes weather/climate Discusses how climate or weather trends in the area have changed to date. 82% 77% (0.401) 
D10 Primary economic base(s)  Identifies the community’s major economic sectors. 45% 79% (0.569) 
D11 Primary cultural base(s)  Identifies the community’s major cultural assets (e.g., museums, art work, recreation centers).  30% 84% (0.535) 
D12 Primary natural system(s)  Identifies the major natural systems that are part of the community. 32% 75% (0.419) 
D13 Presidentially declared disaster  Indicates that the community has experienced a presidentially declared disaster. 7% 98% (0.97) 
D14 Previous hazardous events Includes information on previous occurrences of hazardous events. 66% 91% (0.806) 
	D15 Repetitive loss properties Discusses areas or specific properties that have been repetitively damaged by hazardous events. 14% 91% (0.618) 
D16 Projected changes Identifies climate change exposure, which is the climate change effects a community expects to feel, e.g., warmer temperature, increased precipitation, rising sea level (CA APG 2012). 100% 91% (-0.036) 
D17 Prioritized exposure Prioritizes climate change effects or hazards. 36% 75% (0.458) 
D18 Non-climatic drivers  Mentions other factors that may impact future vulnerability or resilience. Non-climatic factors include a shifting economy, growing or depleting population, or changing land use patterns. 50% 70% (0.413) 
D19 Non-climatic drivers detailed 
Explicitly discusses projections for non-climatic factors over time and how this could affect 
vulnerability or resilience. Non-climatic factors include a shifting economy, growing or depleting 
population, or changing land use patterns. 
11% 77% (0.046) 
D20 Vulnerability assessment 
Clearly indicates that a vulnerability assessment was undertaken as part of the planning 
process. A vulnerability assessment includes an analysis of exposure, sensitivity, and adaptive 
capacity. 
73% 75% (0.458) 
D21 Adaptive capacity Clearly indicates that an assessment of adaptive capacity was undertaken. Adaptive capacity is the community's current and future ability to address projected impacts (CA APG 2012). 34% 79% (0.503) 
D22 Adaptive capacity detailed Provides a detailed description of adaptive capacity, including a clear description of what factors were considered in assessing adaptive capacity. 14% 86% (0.184) 
D23 Risk assessment  Clearly indicates that a risk assessment was undertaken as part of the planning process.  A risk assessment includes an assessment of the likelihood and consequence of an event.  30% 93% (0.842) 
D24 Water supply Discusses impacts of changing climate conditions on the community's water supply. 82% 73% (0.232) 
D25 Water supply detailed 
Provides a detailed description of the vulnerability of water supplies to changing climate 
conditions. Must include a map of areas at risk or a detailed text description of vulnerable areas 
that identifies specific locations.  
14% 89% (0.468) 
D26 Water quality Discusses impacts of changing climate conditions on the community's water quality. 73% 86% (0.676) 
D27 Water quality detailed 
Provides a detailed description of the vulnerability of water quality to changing climate 
conditions. Must include a map of areas at risk of low water quality or a detailed text description 
of at-risk areas that includes the location of specific vulnerable areas. 
5% 98% (0.79) 
D28 Natural systems Discusses impacts of changing climate conditions on natural systems. 95% 93% (0.54) 
D29 Natural systems detailed 
Provides a detailed description of the vulnerability of natural systems to changing climate 
conditions. Vulnerable natural systems must be mapped, or a detailed text description including 
the specific location of vulnerable natural systems must be provided.  
36% 68% (0.3) 
D30 Vulnerable populations Identifies populations that will be disproportionately impacted by changing climate conditions. Must identify specific populations, not just mention that some groups will be adversely affected.  68% 82% (0.612) 
D31 Vulnerable populations detailed 
Provides a detailed description of populations vulnerable to changing climate condition. 
Vulnerable populations must be mapped, or a detailed description of vulnerable populations and 
their specific location must be provided.  
14% 95% (0.832) 
D32 Human/public health Identifies public health issues that will be impacted by changing climate conditions. 86% 91% (0.698) 
D33 Human/public health detailed 
Provides a detailed description of public health vulnerabilities to changing climate conditions. 
Public health issues must be mapped, or a detailed description of where public health impacts 
are expected to be severe must be provided. 
2% 93% (-0.024) 
	D34 Cultural assets 
Identifies cultural assets that will be impacted by changing climate conditions. Includes things 
such as archeologically significant sites, recreational opportunities, events such as sports 
tournaments, museums, public art, and other culturally relevant places.  
73% 79% (0.525) 
D35 Cultural assets detailed 
Provides a detailed description of cultural assets that are vulnerable to changing climate 
conditions. The location of vulnerable cultural assets must be mapped, or a detailed description 
of the cultural assets and their location must be provided. 
30% 86% (0.64) 
D36 Built environments / infrastructure Identifies infrastructure that will be impacted by changing climate conditions. 100% 91% (-0.036) 
D37 Built environments / infrastructure detailed 
Provides a detailed description of infrastructure vulnerable to changing climate conditions. 
Vulnerable locations are mapped, or a detailed description of the vulnerable built environments 
and their location is provided. 
61% 86% (0.728) 
D38 Public services Identifies sensitive public services, including emergency services, that will be impacted by climate change. 77% 89% (0.691) 
D39 Public services detailed 
Provides a detailed description of public services vulnerable to changing climate conditions. 
Vulnerable public services must be mapped, or a detailed description, including a list of 
vulnerable services, must be included. 
30% 91% (-0.036) 
D40 Economic systems 
Identifies economic impacts of changing climate conditions. This may be a general discussion of 
impacts to entire economic sectors such as agriculture, forestry, tourism, OR a more specific 
discussion of impacts such as reduced patronage during extreme heat, or business closure and 
damage during extreme events. 
91% 93% (0.54) 
D41 Economic systems detailed 
Provides a detailed description of the economies vulnerable to changing climate conditions. 
Vulnerable economies must be mapped, or a detailed description, including a list of the 
vulnerable economic sectors, must be provided. 
25% 89% (0.691) 
D42 Prioritization of vulnerabilities or risks Includes the results of a prioritization of identified vulnerabilities. 36% 73% (0.442) 
D43 
Prioritization of 
vulnerabilities or risks 
detailed 
Prioritizes risks and clearly describes how risks were ranked.  25% 77% (0.46) 
D44 Underlying Causes / Transformation 
Mentions the need to address fundamental drivers of human vulnerability or "transformational" 
adaptation/change. “Fundamental drivers of vulnerability” refers to underlying causes of social 
vulnerability reinforced by existing institutions and social systems; "transformational" adaptation 
or change reassesses the way a system operates and may take the form of new rights claims 
and changes in political systems (PROVIA 2013). Transformational change affects how 
individuals and society make decisions and allocate resources to cope with climate change; it 
may alternatively include changes in institutional arrangements, priorities, and norms (Kates et 
al. 2012) 
9% 77% (0.046) 
E UNCERTAINTY       
E1 Acknowledgement of uncertainties 
The plan acknowledges uncertainties involved in projection of climate change or estimation of 
vulnerabilities. 75% 77% (0.46) 
E2 Acknowledgement of uncertainty detailed Describes sources of uncertainty.  32% 77% (0.46) 
E3 Multiple scenarios  Mentions that different climate scenarios were considered. 70% 84% (0.63) 
E4 Multiple scenarios detailed Provides a detailed description of scenarios.  Description must include how scenarios were developed and how scenarios differ in terms of assumptions and impacts. 43% 82% (0.621) 
	E5 Adaptive management Mentions adaptive management. Adaptive management is the process of incorporating new information from monitoring and science into decision-making with an emphasis on learning. 43% 66% (0.308) 
E6 Adaptive management detailed 
Emphasizes adaptive management and learning throughout the plan and establishes a process 
for incorporating new information from monitoring and science into decision-making. 18% 84% (0.375) 
E7 Multiple time frames Includes both short-term (next 5 years) and long-term (5+ years) strategies. 23% 84% (0.535) 
E8 Flexible strategies Explicitly recognizes the need for flexible adaptation strategies. 23% 86% (0.64) 
E9 Flexible strategies detailed Includes flexible strategies and explicitly identifies strategies as being flexible.  5% 93% (-0.024) 
E10 Robust strategies Discusses robust strategies as an option to address uncertainty. Robust strategies are those that produce positive outcomes across a range of different scenarios or future conditions. 30% 93% (0.54) 
E11 Robust strategies detailed Includes robust strategies. Robust strategies produce positive outcomes across a range of different scenarios or future conditions. Must identify the strategies as robust.  20% 100% (1.00) 
E12 No- or low-regrets strategies 
Discusses no- or low-regrets strategies as an option to address uncertainty. No-regrets 
strategies are those that can be justified under current climate conditions but also make even 
more sense with climate change (CCS 2011); these may also be called win-win strategies. Low-
regret strategies are low-cost strategies with relatively large benefits, although those benefits are 
realized mainly under projected future climate change. Must explicitly discuss no- or low- regrets 
strategies. 
30% 95% (0.887) 
E13 No- or low-regrets strategies detailed 
Includes no- or low- regret strategies. No-regrets strategies are those that can be justified under 
current climate conditions but also make even more sense with climate change (CCS 2011); 
these may also be called win-win strategies. Low-regret strategies are low-cost strategies with 
relatively large benefits, although those benefits are realized mainly under projected future 
climate change. Must explicitly identify strategies as no- or low- regrets. 
2% 97% (0) 
F STRATEGY IDENTIFICATION     
F1 Prioritized actions Prioritizes adaptation strategies. 34% 75%(0.392) 
F2 Prioritized strategies detailed Prioritizes adaptation strategies and describes how strategies were ranked. 20% 89% (0.603) 
F3 Specific adaptation strategies Includes strategies that are linked to specific impacts. 55% 68% (0.337) 
F4 Capacity building Includes capacity-building strategies. Capacity building is developing human resources, institutions, and communities, equipping them with the capability to adapt. 84% 95% (0.809) 
F5 Advocacy Includes advocacy strategies. Advocacy includes encouraging regional and state agencies to have adaptation-appropriate strategies. 25% 82% (0.568) 
F6 General strategies Includes generic adaptation strategies, which are strategies not specific enough to be classified in another category.  91% 77% (0.16) 
F7 Information and awareness Includes information and awareness strategies, which focus on increasing public knowledge. 84% 93% (0.732) 
F8 Research and monitoring Includes research or monitoring strategies, which focus on gathering information and creating reports, maps, or models. Monitoring includes observation or repeated measurements over time.  95% 91% (0.293) 
F9 Planning 
Includes planning-related strategies, including strategies that incorporate understanding of 
climate science, impacts, vulnerability and risk into government and institutional planning 
processes, efforts, or existing initiatives. 
91% 91% (0.554) 
F10 Practice and behavior Includes strategies to change practice and behavior. Practice and behavior strategies revise or expand practices and on-the-ground behavior that affect resilience.  95% 89% (0.603) 
	F11 Policy and legislation Includes policy and legislative strategies aimed at preparing for climate change. 80% 77% (0.31) 
F12 Physical infrastructure Includes physical infrastructure strategies to prepare for climate change. 82% 86% (0.736) 
F13 
Building codes and 
engineering design 
standards 
Includes strategies to improve physical infrastructure’s response to changing climate through 
improved standards or engineering. 70% 68% (0.275) 
F14 Green infrastructure Includes green infrastructure strategies aimed at providing protection from climate hazards. 64% 73% (0.417) 
F15 Land use Includes land use strategies focused on preparing for climate change. 82% 89% (0.64) 
F16 Conservation Includes conservation strategies to preserve biodiversity and protect open space under a changing climate. 66% 82% (0.628) 
F17 Financing Includes financing or insurance strategies to prepare for future climate changes. 55% 79% (0.594) 
F18 Technology Includes technology strategies. 66% 75% (0.499) 
F19 Cost Estimates the cost of implementing specific adaptation actions. 30% 89% (0.736) 
F20 Cost detailed Identifies the cost of implementing each adaptation strategy. 16% 91% (0.698) 
F21 Cost of inaction  States that taking action to adapt to climate change costs less than not acting. 43% 82% (0.634) 
F22 Cost of inaction detailed Provides specific dollar figures on the cost of inaction versus adaptation-related action. 30% 77% (0.46) 
F23 Co-benefits Identifies co-benefits associated with taking adaptation action. 50% 66% (0.296) 
G IMPLEMENTATION AND MONITORING     
G1 Timetable for implementation  Provides a timetable for when each action will be implemented. 32% 93% (0.834) 
G2 Implementation responsibilities Assigns responsibility for policies broadly to organizations or agencies. 39% 91% (0.800) 
G3 Implementation responsibilities detailed Assigns responsibility for the implementation of each strategy. 34% 89% (0.724) 
G4 Funding (need for) Describes the need for funding sources to implement the plan. 36% 75% (0.441) 
G5 Potential funding sources detailed  Clearly describes potential funding sources and associates them with particular strategies. 23% 86% (0.568) 
G6 Reporting requirements Includes requirements for the regular reporting of implementation progress. 16% 89% (0.486) 
G7 Monitoring responsibility Mentions assignment of responsibility for monitoring. 20% 82% (0.448) 
G8 Evaluation method Establishes a process to evaluate the plan. 7% 95% (0.646) 
G9 Evaluation method detailed Describes when analyses of progress toward objectives will take place and how results will be used.  5% 93% (-0.024) 
G10 Evaluation metrics Mentions how to measure progress towards implementing strategies. 16% 98% (0.921) 
G11 Evaluation metrics detailed Mentions how to measure progress towards implementing each strategy identified in the plan. 14% 98% (0.897) 
G12 Mainstreaming Discusses mainstreaming climate change adaptation. Mainstreaming refers to the integration of climate adaptation into other sector policies or plans (Rauken et al. 2014). 84% 73% (0.232) 
G13 Mainstreaming detailed Identifies specific plans and programs as opportunities for mainstreaming. Mainstreaming refers to the integration of climate adaptation into other sector policies or plans (Rauken et al. 2014). 61% 61% (0.232) 
	G14 Plan updates Mentions need for updates. 27% 81% (0.568) 
G15 Plan updates detailed Includes timetable for updating plan.  16% 93% (0.784) 
G16 Barriers Mentions barriers to climate adaptation.  23% 84% (0.593) 
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APPENDIX D: METHODS 
This paper aims to address how uncertainty influences local climate adaptation plans and 
planning processes. I used content analysis to evaluate 44 existing local climate change 
adaptation plans in the U.S. to determine the approaches used in plans to manage uncertainty. To 
better understand how uncertainty influences the planning process, I also conducted informant 
interviews in Boulder, CO; Denver, CO and Salem, MA. This supplementary material provides 
an expanded discussion on the content analysis and interview methods. 
Sample Selection 
To understand how approaches for managing uncertainty are translated into adaptation 
plans, I reviewed and analyzed data compiled during a content analysis conducted by 
Anonymous (2016) in which 44 stand-alone, local adaptation plans in the U.S. were evaluated. 
To create this sample, Anonymous (2016) first developed a sampling population of all the 
adaptation plans in the U.S. released before 2015, as based on a search of three adaptation 
clearinghouse websites: the Georgetown Climate Center, the Climate Adaptation Knowledge 
Exchange (CakeX), and the Center for Climate and Energy Solutions. In addition, Anonymous 
(2016) collected plans through three 100-page Google searches for the terms “local adaptation 
plan”, “local resilience plan”, and “local preparedness plan.” 
To ensure that the sample was homogeneous and comparable, plans were then selected 
from this population based on three criteria: (1) the central topic of the plan was climate change 
adaptation or resilience; (2) the plan was written by or for a U.S. city or county government; and 
(3) the plan took a comprehensive approach to adaptation (see Anonymous (2016) for details). 
Of the 85 plans in the sampling population, 44 met the criteria for evaluation (Figure 1). Of the 
41 not included in the final sample 16 were other types of plans that only included a chapter on 
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adaptation, 8 were written by regional agencies, and 17 were sector specific (i.e. focus 
exclusively on health, transportation, etc.). 
Coding Protocol and Procedures 
The initial content analysis evaluated plans on seven principles of plan quality: 1) goals; 
2) fact base; 3) strategies; 4) public participation; 5) inter-organizational coordination; 6) 
implementation and monitoring; and 7) uncertainty. Each principle included metrics developed 
based on a literature review of eight adaptation guidance documents published by international, 
federal, state, and non-governmental organizations (Anonymous 2016). In this study, I focus on 
the 12 metrics associated with uncertainty (Table 1). Metrics represent approaches commonly 
recommended in the adaptation literature. The metrics were pre-tested on eight local adaptation 
plans from Europe and Australia (e.g. Melbourne, Australia and London, UK) to clarify and 
refine the metrics so that they capture the concept intended.   
Each plan in the sample was coded independently by two trained coders, consistent with 
recommendations from the communications literature on content analysis (Krippendorff 2004) 
and methodological recommendations from the plan evaluation literature (Berke and Godschalk 
2009; Stevens et al. 2014). Before coding plans within the sample, inter-coder reliability was 
calculated to ensure that the coders fell within an appropriate range of inter-coder agreement 
(0.80 or greater; Berke and Godschalk 2009).  
 Coders used NVivo 10 qualitative analysis software (QSR International 2012) to link 
metrics with the content of plans. Once coders completed a plan, the coders’ quantitative data 
was compared to identify disagreements on a metric-by-metric basis. The coders then discussed 
and reconciled all disagreements by referring to the qualitative plan content, and the final, 
agreed-upon codes were integrated into a master dataset. Inter-coder reliability scores were 
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calculated for each plan and code using two measures: percent agreement and Krippendorff’s 
alpha (values in Table 1; Krippendorff 2004).  
Interviews 
Everyone publicly recognized as a plan author or member of the planning committee was 
contacted by email. Non-responses were contacted again with a second email a week later. Of 
the 62 individuals contacted across all three communities, 41 (66%) responded and 19 (30%) 
participated in an interview (Table 2). Responses that did not result in an interview often directed 
me to another stakeholder in the planning process. For example, seven of the responses in 
Denver directed me to the project lead. Interviewees represent the diversity of stakeholders 
involved in the planning process; interviewees included consultants, community organizations, 
local utilities, and representatives from multiple government agencies such as natural resources, 
public health, transportation, and emergency services.  
 
Table 9: Interviewee response and participation rates in Boulder County, CO; the City and 
County of Denver, CO; and Salem, MA. 
Community	 Stakeholders	contacted	 Responses	 Interview	participants	
Boulder	County,	CO	 23	 16	(70%)	 12	(52%)	
City	and	County	of	Denver,	CO	 24	 15	(62%)	 3	(13%)	
Salem,	MA	 15	 9	(60%)	 4	(27%)		
Interviews were semi-structured to allow for probing into topics that may emerge during 
the interview (Weiss 1995). Questions focused on the adaptation planning process and how 
uncertainty played a role in vulnerability assessments, strategy selection, and implementation. 
All interviews were conducted by phone and ranged 30-60 minutes. Interviews were recorded 
and transcribed. Interviewees were given an opportunity to review and make clarifying changes 
to the transcript before they were coded. 
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Interview transcripts were coded using a grounded theory approach. Grounded theory is a 
methodological tool that employs a discovery process where data is used in an inductive way to 
identify categories, concepts, properties, and interrelationships within a data set, in contrast to 
starting with a theoretical construct that is tested against the literature (Glaser 1994). Coding in 
this way identifies common themes and concepts in complex narrative.   		  
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APPENDIX E: INTERVIEW GUIDE 	
• First, what was your role in [Community Name] climate adaptation planning process?  
 
• Are you currently involved in any adaptation efforts? 
o Can you tell me more about that? 	
• So taking a step back to a more general question, what barriers do you think limit adaptation? 	
• What was the motivation for creating an adaptation plan? 
 
• What were the major topics or issues that came up during the planning process? 	
• Was uncertainty a major issue or topic during the planning process? 
o If yes: Were there specific uncertainties that were viewed as particularly problematic? 
o If yes: Did you discuss how you might be able to address these uncertainties? 	
• Did you consider multiple climate scenarios when identifying vulnerabilities? 
o Can you tell me more about why not? 	
• Have you used scenario planning in other planning efforts? 
o Do you feel that it was effective? What were the challenges you encountered? 
o Can you tell me more about that? 
 
• How did you select strategies or recommendations to include in the plan? 	
• Did uncertainty influence the type of strategies that you considered for the plan? 	
• Was there an effort to include no-regrets strategies? 
o Can you tell me more about why not? 
o Do you feel that your approach was effective?  
o Can you tell me more about that? 	
• Was there an effort to incorporate robust strategies that would produce benefits across 
multiple climate futures? 
o Can you tell me more about why not? 
o Do you feel that your approach was effective?  
o Can you tell me more about that? 	
• Was there any discussion about flexible strategies or those that could be implemented 
incrementally overtime? 
o Can you tell me more about why not? 
o Do you feel that your approach was effective?  
o Can you tell me more about that? 
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• How has the community’s experience with natural disasters change the discussion on climate 
change adaptation? 
o Did it change the type of strategies that are being pursued? 
 
• What advice would you give to a community that is just beginning their adaptation planning 
process but is concerned about uncertainties in climate projections? 	
• Reflecting on [Community’s] adaptation planning process [adaptation efforts to date], what 
lessons did you learn? What would you do again? Are there any changes you would make? 
o Can you tell me more about that? 	
• Have you started implementing the plan?  
o Can you tell me more about that? 
o Has the approach to uncertainty changed now that the plan is being implemented? 	
• Is there a process to collect and incorporate new information into the plan and 
implementation efforts? 
o If not: Can you tell me more about that? 					
 
